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Abstract
Background – Dietary guidelines recognise the role of diets for supporting population health 
and increasingly include considerations for environmental sustainability. In the UK, the 
“Eatwell Guide” (EWG) recommendations provide guidance on how to achieve diets with a 
balance of healthy and sustainable food. Our study explores the health impacts and 
environmental consequences of adherence to EWG recommendations in the UK.

Methods – We analysed data from EPIC-Oxford, UK Biobank, the Million Women Study and 
the nationally-representative National Diet and Nutrition Survey (NDNS). Dietary intakes were 
dichotomized to reflect individual adherence to nine EWG recommendations and participants 
were assigned to “very low” (0-2 recommendations), “low” (3-4 recommendations), or 
“intermediate to high” (5-9 recommendations) EWG-adherence groups. We used 
multivariable-adjusted Cox proportional hazards regression models to assess associations 
between different levels of EWG adherence and risk of total mortality. Environmental footprints 
of individual food items were estimated based on previously published data for greenhouse 
gas emissions and blue water footprints, and matched to individual diets in the NDNS 
database using proportional weighting according to the major countries of origin of UK-
consumed foods. Average environmental footprints according to EWG adherence categories 
were calculated.

Results – Less than 0.1% of the NDNS sample adhere to nine EWG recommendations and 
30.6% adhere to at least five recommendations.  Compared to “very low” adherence to EWG 
recommendations, “intermediate to high adherence” was associated with 7% reduced risk of 
mortality and -1.6kg CO2eq/day (or 30%) lower dietary greenhouse gas emissions. Dietary 
water footprints were similar across EWG adherence groups. 
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Discussion – The health and environmental benefits of greater adherence to EWG 
recommendations support increased government efforts to encourage improved diets in the 
UK that are essential for the health of people and the planet in the Anthropocene epoch.

Strengths and limitations of this study
 This is the first study (in a UK context) using empirical data to study health impacts and 

environmental consequences of sustainable diets. Besides greenhouse gas emissions, water 
footprints of sustainable diets were assessed.   

 Data quality is high: the study uses the largest and best health datasets available, addressing 
an important question that is highly relevant for UK policy.

 The study methods and results could be used in contexts outside the UK: the provided 
methods can be replicated in other settings and the EatWell Guide dietary recommendations 
share many features of healthy lower environmental impact diets. Therefore our findings have 
wider applicability.

 Despite several sensitivity analyses, there might be residual confounding (i.e. unmeasured 
differences between people who eat different diets) distorting our findings. 

 Although the evidence base and quality of methods and metrics for environmental footprints 
are rapidly improving, uncertainty about the exact measurements of water footprints and 
greenhouse gas emissions of food items and diets in general remain.  

Background 
Diets are likely to play a crucial role in the Anthropocene in supporting population health and 
safeguarding environmental sustainability of future generations. Current diets are associated 
with a high burden of disease: globally ~1.9 billion adults are overweight or obese, 462 million 
are underweight [1], and over 30% of the world’s population suffers from deficiencies of 
essential nutrients [2]. The food system that produces these diets is also responsible for 21-
37% of global greenhouse emissions [3] and agriculture alone accounts for ~70% of fresh 
water withdrawal [4]. There is an urgent need for significant transformations of the food system 
to produce diets that address both health and environmental concerns, and evidence on the 
recommended composition of these diets is expanding rapidly [5]. While the specific 
composition of such diets has been shown to vary considerably culturally and regionally 
compared to existing consumption patterns, these diets typically have substantially greater 
fruit, vegetable and legume content as well as moderate content of animal sourced foods 
(e.g.[5-7]). 

Governments are increasingly including both health and environmental considerations in their 
recommended dietary guidelines. In the UK, Public Health England produced the “Eatwell 
Guide” (EWG) as a “policy tool to define government recommendations on eating healthily 
and achieving a balanced diet” [8].  From a health perspective, the EWG promotes, for 
example, fruit, vegetable and fibre consumption, whilst recommending a limited consumption 
of sugar and processed meats [9]:Adhering to these individual guidelines has been associated 
with several health benefits including improved cardiovascular health [10] and reduced cancer 
risk[11, 12]. From an environmental perspective the EWG mentions the importance of a 
“balance of healthier and more sustainable food” , while providing information about protein 
alternatives, such as beans, peas and lentils that typically have a lower environmental footprint 
than animal source food protein sources[12-15].  Compared to current diets, the EWG 
recommendations are designed to have on average lower environmental footprints (GHG 
emissions, water and land use requirements) [16], but no analysis has specifically addressed 
the environmental consequences of shifts from current to EWG-adherent diets.  

In this report we use high-quality data from three major UK cohort studies to assess the health 
impacts associated with adherence to EWG dietary guidelines in the UK and using nationally-
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representative dietary intake data we estimate the environmental footprints of UK diets with 
varying degrees of adherence to EGW recommendations. 

Methods
Datasets

We used four high-quality data sources in this paper (detailed description of each database 
provided in Appendix 1). The databases from EPIC-Oxford (EPIC-Ox) [17], UK Biobank (UKB) 
[18] and the Million Women Study (MWS) [19] contain comprehensive health information, 
linked death registration data, as well as dietary intake data. These three datasets were used 
to estimate the effects on health of adherence to EWG recommendations. Details on the 
specific datasets have been published elsewhere, however in short: Participants of the 
ongoing MWS were recruited from women invited for breast cancer screening in England and 
Scotland between 1996 and 2001.  Dietary intake was collected using semi-quantitative 
questions and total mortality was determined using death records.  We used data from 
464,078 participants of the MWS database. In the ongoing EPIC-Ox study – that involves both 
male and female participants - dietary intake was collected using a food-frequency 
questionnaire, whilst total mortality was ascertained using death record linkage. We used data 
from 40,030 men and women of the EPIC-Ox database. For the UKB study, middle-aged 
adults were recruited between 2006-2010. A sub-sample completed a minimum of three 24-
hour dietary recall questionnaires. Participant data can be linked to the NHS Central register 
to obtain mortality information. We used data from 53,614 participants of the UKB study. 
Finally, the National Diet and Nutrition Survey (NDNS) [20] contains nationally representative 
detailed dietary intake data that were used to analyse the diet-related environmental footprint 
of NDNS participants with different levels of EWG adherence. We excluded children <5 years 
of age from the NDNS data, as the EWG recommendations are not applicable to this age 
group. 

Eatwell Guide dietary recommendations

Dietary intakes reported in each of the four databases were compared to recommended 
intakes by the EWG and dichotomized (yes/no) to reflect individual adherence to EWG 
recommendations (recommendations by age and sex provided in Appendix 2). Nine food and 
nutrient groups with recommended levels of consumption specified in the EWG were 
considered: fruit and vegetables; oily fish; other fish; red and processed meat; total fibre; total 
salt; free sugars; saturated fatty acids; and total fat. Two further EWG recommendations on 
protein and carbohydrates were excluded as significant heterogeneity across foodstuffs limits 
conversion from % of food energy intake to grams per day (see also [21]). Participants were 
grouped into three categories of adherence based on the number of dietary recommendations 
met (total = 9): very low adherence [score 0-2]; low adherence [score 3-4]; and intermediate 
to high adherence [score 5-9].

Health impacts

We used multivariable-adjusted Cox proportional hazards regression models to assess 
associations between adherence to the EWG dietary guidelines and risk of total mortality, 
ascertained through death registries using participant data of EPIC-Oxford (EPIC-Ox), the 
Million Women Study (MWS), and a subset of UK Biobank with detailed dietary data (UKB). 
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The mean follow-up time was 21.0 years in EPIC Ox, 10.5 years in MWS and 3.9 years in 
UKB.

Participants in each database were excluded from the analysis sample if: (1) they had 
prevalent and/or unknown status of malignant cancer, diabetes or cardiovascular disease 
(data based on self-report and health record data) or rated their overall health as either poor 
or fair at recruitment; (2) they had energy intakes outside the ranges 2,093-14,654 kJ for 
women and 3,349-16,747 kJ for men, and did not report: a change in diet because of illness 
(MWS), not eating or drinking normally because of illness or fasting (UKB), because of 
stomach problems, bowel problems or diabetes (EPIC-Ox) and in UKB had completed a 
minimum of three WebQ questionnaires; (3) they were lost to follow-up during the first 5 years 
of follow-up (MWS and EPIC-Ox only), and; (4) their smoking status was unknown. 

Associations were stratified by sex, region and method of recruitment (in addition to the 
general recruitment strategy, specific underrepresented groups were targeted for recruitment 
by leaflets – which could have introduced selection bias), where appropriate. All analyses were 
adjusted for smoking, deprivation, alcohol consumption, height, body mass index (BMI), 
exercise levels, hormone replacement therapy use, education, high blood pressure or 
hypertension and energy intake (Appendix 3 for details). We performed a set of seven 
sensitivity analyses, comparing the above model with a) an unadjusted model, models without 
adjustment for b) energy, c) height, d) BMI or e) smoking, f) a model mutually adjusting for all 
other eight food groups, and g) a model excluding smokers (Appendix 4). 

Environmental footprints

We used data from NDNS waves 5-9 (2012-2017) to map the environmental footprints of diets 
in the UK. The database comprises detailed dietary data for 5,747 individuals aged five years 
and over, grouped into 158 distinct food group aggregates. Data collection methods are 
described in detail elsewhere [22]. We used the Food and Agriculture Organization (FAO) 
bilateral trade database [23]  to estimate the mean proportion of each food group imported 
from outside the UK. The trade database includes bilateral data on exports and imports of all 
food and agricultural products reported by all the countries in the world

Greenhouse Gas Emissions - Emissions of GHGs across the life cycle (kg CO2e/kg food) for 
the 158 distinct food group aggregates were derived from published data (Appendix 5&6). A 
weighted average of GHG emissions was calculated based on consumption of individual foods 
within each food group and proportion of supply from different countries. For foods entirely or 
more than 90% produced in the UK, UK-specific data were used. A weighted average for GHG 
emissions was applied for imported foods based on the proportion of total supply from various 
countries (Appendix 7).

Water footprints (WFs) - The blue (ground and surface water) WF (L/g food) of crop and 
livestock products were derived from published data for 1995-2005 from the Water Footprint 
Network (WFN, [24]) (Appendix 5&6). For foods entirely or more than 90% produced in the 
UK, UK-specific WFN values were used. Imported food groups were assigned weights 
proportional to percentage of overall supply of each major exporting country to the UK, 
multiplied by WFN estimates for that particular country and food group (Appendix 7).

The estimated GHG emissions and WFs associated with each food group were used to 
quantify total environmental footprints associated with the daily diet of each participant in the 
NDNS database. We compared GHG emissions and WFs of diets of those adhering and those 
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not adhering to each EWG dietary guidelines, and estimated the mean change in 
environmental footprint that would occur if individuals shifted from low to intermediate/high 
adherence to the EWG guidelines.  

Results

EWG-adherence

Less than 0.1% of the NDNS sample (0.078%) adhered to all nine EWG recommendations 
(Figure 1A), with the largest proportion of the population (44%) adhering to 3-4 guidelines. 
The most commonly unmet recommendations included those on consumption of dietary fibre 
and oily fish (7.2% and 16.8% adherence respectively), while more than 50% of the population 
met total and saturated fat, salt and red and processed meat recommendations (Figure 1B). 
Adherence to the EWG recommendations in EPIC-Ox, MWS and UKB showed a similar 
pattern to that in the NDNS data set (Appendix 8).

Figure 1: Adherence to the Eatwell Guide recommendations by the UK population - based on data from wave 5-9 
of the National Dietary and Nutrition Survey (NDNS): A) total number of recommendations met by % of UK 
population; B) adherence to specific recommendations

Health effects of adherence to EWG recommendations

Compared with those who had a very low adherence to the EWG, individuals with intermediate 
to high adherence had a 7% [95% CI: 3 to 10%] reduced risk of total mortality (Figure 2). 
Sensitivity analysis identified smoking as an important confounder, but no other significant and 
consistent deviations in mortality outcomes compared to the main model.

Figure 2: Forest plot showing the study specific (MWS, UKB & EPIC-Ox) and pooled mortality risk ratios comparing 
very poor adherence to EWG rocmmendations (score 0-2) with poor adherence (score 3-4) and intermediate to 
high adherence (score 5-9).

Adherence to the recommendation on fruit and vegetable consumption was independently 
associated with the largest reduction in total mortality risk: a reduction of 10% [RR: 0.90; 95% 
CI: 0.88 – 0.93] (Figure 3; attenuated to 9% in models adjusting for all other EWG 
recommendations see Appendix 4).  Meeting the recommendations on saturated fat and oily 
fish consumption showed smaller health benefits with 5% and 3% reductions in mortality 
respectively (both attenuated to 3% in models adjusting for all other EWG recommendations 
see [Appendix 4]). There was no consistent evidence of an effect on mortality risk associated 
with adherence to other EWG recommendations (Figure 3 & Appendix 4). 

Figure 3: Mortality risk ratios for the association between adhering to specific EWG recommendations and total 
mortality. * Recommendation was based on food energy and was therefore adapted to ≥47% of total energy [25]. *Adapted to 
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<=33% of total energy [25]. †Adapted to <=10% of total energy [25]. ‡Information on salt intake was ascertained from the variable 
‘Never adding salt to food at the table or cooking’ in the MWS and in the EPIC-Oxf study; and from the variable ‘Not reporting 
having added salt to food (excluding during cooking)’ in any of the WEBQs included in the UKB. §Fibre intake in the study was 

determined using the Englyst method and the recommendation was therefore adapted to >=22.6g/d of Englyst fibre.

Environmental footprints of diets

Individuals with intermediate to high adherence to EWG recommendations showed a  
reduction in average dietary GHG footprints - compared to those with low and very low EWG-
adherence - of 12% and  30% respectively: an average of 3.8kg CO2eq/day (95% CI: 3.7 to 
3.9kg CO2eq /day) , (4.3kg CO2eq/day [95% CI: 4.1 to 4.4kg CO2eq /day] and 5.4 kg 
CO2eq/day [95% CI: 5.2 to 5.6kg CO2eq /day] for intermediate to high (score 5-9), low (score 
3-4) and very low (score 0-2) EWG adherence respectively) Dietary blue WFs were similar 
across adherence groups (Figure 4): 637kg CO2eq /day [95% CI 590 to 683], 590kg CO2eq 
/day [95% CI 558 to 622] and 612kg CO2eq /day [95% CI 571 to 654] respectively for very 
low, low and  intermediate to high adherence to the EWG recommendations. GHG emissions 
and WFs changed marginally when adjusting for dietary energy intake (Appendix 9).

Figure 4: Average daily greenhouse gas emissions in kg CO2eq and average daily dietary water footprints 
comparing diets with very low (score 0-2), low (score 3-4) and intermediate to high adherence (score 5-9) to the 
Eatwell Guide dietary guidelines.  

Mean difference in consumption (in g per day) of foods between EWP adherent and non-
adherent individuals was large (Table 1). Associated differences in dietary GHG emissions 
were small for fruit and vegetables, oily fish and non-oily fish consumption, and adherence to 
the recommendation on red and processed meat was associate with lower GHG emissions (-
1.48kg CO2eq/day; 95% CI -1.79 to -1.18) (Table 1).  Differences in blue water footprints were 
small for oily fish and non-oily fish consumption, and adherence to the fruit and vegetable 
recommendation was associated with a larger blue water footprint (+28.5 litres per person per 
day; 95% CI: 17.4 to 39.8) while adherence to the red and processed meat recommendation 
was associated with a lower blue water footprint (-22.5 litres per person per day; 95% CI: -
22.7 to -22.3).  
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Weighted average 
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(6.47)
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(0.85)
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113
(1.30)

Page 7 of 42

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

7

Table 1: Mean per-capita change in environmental footprints from switching* from non-adherence to adherence to 

food-based EWG recommendations (*from current level of adherence to adherence by all)

Discussion 
Adherence to the Eatwell Guide is currently low among the UK population. Our analysis of 
three large UK cohort studies suggests that greater adherence is associated with population 
health benefits, and using data from the nationally-representative National Diet and Nutrition 
Survey data, we demonstrate that increased EGW adherence is associated with a lower 
environmental footprint in terms of GHG emissions, although not water use. Adherence to 
some EWG recommendations would increase environmental footprints in some instances. 
Taken together these findings suggest broad benefits to public health and the environment of 
adherence to the EWG and provides evidence to support strengthened national action to 
improve diets in the UK for the benefit of people and the planet.

Our findings support earlier analysis [16] that UK diets fully compliant with the EWG have 
lower environmental footprints. Previous studies of the sustainability of UK diets have found 
that considerable co-benefits to environment and health could be achieved by meeting WHO 
dietary guidelines [26, 27]; increasing adherence to the EAT Lancet diet [28]; and following a 
predominantly plant-based diet [12, 15, 29, 30]. While our analysis confirms that reducing 
consumption of red and processed meat is paramount for lowering environmental footprints of 
diets, population health benefits showed to be strongly associated with the recommended 
consumption of fruit and vegetables.

The estimated 7% reduction in mortality and 30% reduction in emissions (or an average 
absolute reduction of 0.58 tonne GHGe per person per year) through better adherence to the 
EWG-guidelines is similar in magnitude as compared to other population-level interventions 
aiming multiple benefits for health and the environment. For example, a study evaluating a 
future scenario of increased active travel and lower-emission motor vehicles in London [31] 
estimated a 0.72 tonne reduction in per person GHGe as compared to the business-as-usual 
scenario, as well as a 10-19% reduction in years of life lost from ischaemic heart disease.  A 
dietary modelling study from the Netherlands estimated impact on GHGe (4-11%) from 
substituting 35g/d of meat with vegetables, fruit, nuts, seeds, pasta, rice, couscous or fish [32]. 

A major strength of this study is its use of four large, high-quality data sources for the UK. A 
number of sensitivity analyses were conducted to test the robustness of the findings to 

Difference in average 
consumption g/day +343 +39.2 +36.1 -81.2

Mean difference in GHGe 
achieved by switching to 
meeting guideline 

kg CO2eq/day 
(95% CI)

0.34
(0.29 to 0.38)

0.18
(0.04 to 0.31)

0.34
(0.23 to 0.45)

-1.48
(-1.79 to -1.18)

Mean difference in blue WF 
achieved by switching to 
meeting guideline 

l/day
(95% CI)

28.5
(17.4 to 39.8)

10.0
(9.37 to 10.7)

8.23
(7.69 to 8.77)

-22.5
(-22.7 to -22.3)
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different assumptions about the causal relationships between variables, and ranges of 
environmental footprints were used to construct confidence intervals for those relationships. 
A further strength is the use of empirical rather than modelled diets for the study. Nevertheless, 
the analyses also contains several weaknesses: among these was the simplification that all 
diets that met a certain number of recommendations were equally healthy (or unhealthy) 
regardless of which recommendations were being met, and the assumption that lower 
consumption of one food group or nutrient could not be compensated by higher consumption 
of other foods. Low inter-individual variance in diets associated with high adherence to some 
recommendations combined with relatively low overall intake (for example red and processed 
meat) may also have resulted in low power to detect diet-health associations [33]. As for all 
studies measuring dietary intake, methods could be subject to measurement error; in the three 
datasets considered in this study, however, dietary intake data were collected using different 
methods, reducing the likelihood of type I errors across all included studies. Data on 
greenhouse gas emissions were obtained from diverse sources with used different methods 
and time periods. Data on water footprints were obtained from a single source, but this source 
used average crop water requirements and yields from the years 1996-2005, and these values 
may therefore have changed by the time of the UK dietary survey ~15 years later, resulting in 
some inaccuracies of food water footprints. We attempted to select data on greenhouse gas 
emissions from surveys with years corresponding to the years of the NDNS, but this was not 
always possible and therefore the same inaccuracies may affect the greenhouse gas footprints 
of the diets. Finally, due to data limitations it was not possible to assess both health and 
environmental footprints of diets within single datasets. 

The EWG dietary recommendations are associated with better health outcomes and lower 
GHG emissions but are substantially different from the “planetary health diet” recently 
recommended [5], particularly in terms of red and processed meat consumption. Our analysis 
suggests that considerable dietary shifts are still required in UK dietary habits to meet the 
EWG recommendations and that additional substantial changes would be needed to meet the 
more stringent planetary health diet recommendations. A major determinant of such shifts will 
be food prices [34, 35] and recent analysis has demonstrated that affordability of such diets 
may vary substantially [36]. Furthermore, it should be noted that an increasing proportion of 
plant-based foods - that is supplied to the UK - is imported from abroad; shifts in diets towards 
such foods – and no change in trading strategy - would further increase reliance on foreign 
production for resilient supply of plant-based foods. Moreover, an increasingly large proportion 
of these plant-based food imports originates from countries that are highly-vulnerable to 
climate change (e.g. countries that are predicted to be highly water deficient by 2030). [23]. 
Care should be taken to avoid that dietary shifts towards EWG-adherence (and hence more 
plant-based diets) would result in substantial virtual water trade – away from water scarce 
countries - to supply the UK markets.  

A - carefully considered - nationwide shift towards adherence of the EWG will provide an 
essential step towards sustainable and healthy diets in the UK. Health services including 
family doctors [37] must play an active role in promoting adherence to the EWG 
recommendations to their patients and thereby contribute directly to population health and 
environmental sustainability.
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Figure 1: Adherence to the Eatwell Guide recommendations by the UK population - based on data from wave 
5-9 of the National Dietary and Nutrition Survey (NDNS): A) total number of recommendations met by % of 

UK population; B) adherence to specific recommendations 
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Figure 2: Forest plot showing the study specific (MWS, UKB & EPIC-Ox) and pooled mortality risk ratios 
comparing very poor adherence to EWG rocmmendations (score 0-2) with poor adherence (score 3-4) and 

intermediate to high adherence (score 5-9). 
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Figure 3: Mortality risk ratios for the association between adhering to specific EWG recommendations and 
total mortality. * Recommendation was based on food energy and was therefore adapted to ≥47% of total 

energy [21]. *Adapted to <=33% of total energy [21]. †Adapted to <=10% of total energy [21]. 
‡Information on salt intake was ascertained from the variable ‘Never adding salt to food at the table or 

cooking’ in the MWS and in the EPIC-Oxf study; and from the variable ‘Not reporting having added salt to 
food (excluding during cooking)’ in any of the WEBQs included in the UKB. §Fibre intake in the study was 
determined using the Englyst method and the recommendation was therefore adapted to >=22.6g/d of 

Englyst fibre. 
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Figure 4: Average daily greenhouse gas emissions in kg CO2eq and average daily dietary water footprints 
comparing diets with very low (score 0-2), low (score 3-4) and intermediate to high adherence (score 5-9) 

to the Eatwell Guide dietary guidelines.   
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To: Sustainable Food Systems and Diets in the UK: The Eatwell Guide as a blueprint 
for healthy and sustainable diets in the UK.
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Appendix 1 - Basic study descriptions for each cohort

Million Women Study 

We used data from 464,078 participants of the Million Women Study. Participants were 

recruited from women (mean age 56 years) invited to the National Health service (NHS) breast 

cancer screening programme in England and Scotland between 1996 and 2001 [1]. Dietary 

intake was collected after an average of 3.3 years post recruitment using 130 semi-quantitative 

questions that were validated against a 7-day diet diary [2]. Nutrients were estimated by 

multiplying the frequency of consumption by portion size and nutrient composition of that item 

[3].

Total mortality was determined using death records obtained through linkage to centrally held 

NHS records. The Million Women Study protocol was approved by the Oxford and Anglia 

Multi-Centre Research Ethics committee. All participants provided written informed consent.

EPIC Oxford 

We used data from 40,030 men and women (mean age 43 years) recruited throughout the UK 

(between 1993-2001) into the European Prospective Investigation into Cancer and Nutrition 

(EPIC)-Oxford cohort [4]. Dietary intake was collected using a validated 130-item semi-

quantitative Food frequency questionnaire [5]. To estimate nutrient intakes, we multiplied 

frequencies of consumption by portion size and nutrient composition. 

Total mortality was ascertained using death record linkage with the NHS Central register.

The EPIC-Oxford study protocol was approved by a Multi-Centre Research Ethics Committee 

(Scotland A Research Ethics Committee). All participants provided written informed consent.

UK Biobank

We used data from 53,614 middle-aged adults (mean age 56 years) participating in the UK 

Biobank who were recruited across the UK between 2006-2010 [6]. These were a subsample, 

that had completed a minimum of three 24-hour dietary recall questionnaires (the Oxford 

WebQ) [7]. Food and beverage frequency data, standard portion sizes and nutrient 

composition by item were multiplied to obtain nutrient intakes per day [8]. 

We linked participant data to the NHS Central register to obtain mortality information.

The UK Biobank was approved by the National Information Governance Board for Health and 

Social Care and the NHS North West Multi-Centre Research Ethics Committee. All 

participants provided written informed consent.
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Appendix 2 – Eatwell Guide recommendations by age and sex

5-6 years 7-10 years 11-14 years 15-18 years 19-64 years 65-74 years 75+ years
Food 
group

Male Female Male Female Male Female Male Female Male Female Male Female Male Female

Fruit & 
Vegetables 
(g/day)

400* 400g* 400g* 400g* 400g* 400g* 400g* 400g* 400g* 400g* 400g* 400g* 400g* 400g*

Oily Fish 
(g/day)

20g 20g 20g 20g 20g 20g 20g 20g 20g 20g 20g 20g 20g 20g

Other Fish
(g/day)

20g 20g 20g 20g 20g 20g 20g 20g 20g 20g 20g 20g 20g 20g

Red and 
processed 
meat 
(g/day)

70 70 70 70 70 70 70 70 70 70 70 70 70 70

Fibre 
(g/day)

20** 20** 20** 20** 25** 25** 30** 30** 30** 30** 30** 30** 30** 30**

Salt 
(g/day)

3** 3** 5** 5** 6 6 6 6 6 6 6 6 6 6

Free Sugar 
(g/day)

19 19 24 24 30 30 30 30 30 30 30 30 30 30

Saturated 
fat (g/day)

18** 17 ** 22** 20 30 20 30 20 30 20 30 20 30 20

Total fat 
(g/day)

58** 54** 71** 66** 97** 78** 97** 78** 97** 78** 91** 74** 89** 72**

*30g of dried fruit, max 150ml fruit juice or smoothie, and max 80g beans considered as one portion

**Figures from PHE Government Dietary Recommendations document, derived from SACN. All other figures 
from the UK Eatwell Guide.

Dietary recommendations of the Eatwell Guide

Dietary recommendation and constraints

Nutrients

Energy 2250 kcal (9414 MJ)*

Carbohydrates ≥50% of food energy

Free sugars ≤5% food energy

Fat ≤35% food energy

Saturated fat ≤11% food energy

Protein ≥14.5 & ≤15.5% of energy

Salt ≤ 6g/2363 mg/d sodium

Fibre (AOAC) ≥30g/d

Foods

Fruits and vegetables† ≥5 portions a day

Fish ≥ 2 portions (2*140g) a week, one of which should be oily

Red and processed meat ≤70g/day
Table adapted from Public Health England (2016), Table 2.
*Energy intake recommendation assumes mixed population average.
†Fruit and vegetable intake includes a maximum of: 1 portion of juice (from fruit / vegetable juice or that in a smoothie); 1 portion 
of beans; (portion sizes: 30g dried fruit; combined total of 150ml of fruit and / or vegetable juice and / or smoothie; 80g all other 
fruits & vegetables).
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Appendix 3 – Cohort specific adjustments and cut-off values

Million Women Study

Associations were stratified by region and adjusted for smoking (never smoked, past smoker, 
current smoker <10 cigarettes smoked per day, current smoker 10-19 cigarettes smoked per 
day, current smoker ≥20 cigarettes smoked per day, current smoker and unknown number of 
cigarettes smoked per day), deprivation (tertiles), alcohol (0, 1-6, 7-14, ≥15 drinks per week), 
height cm (<155 ,155-164, ≥165), BMI kg/m2 (<20, 20-24, 25-29, ≥30), strenuous exercise (<1 
per week,≥1 per week), Hormone replacement therapy (HRT) use (never, past, current), 
educational attainment (none, technical/secondary/tertiary), self-reported hypertension (yes, 
no), and energy intake (quintiles).

EPIC Oxford

Associations were stratified by sex, region, and method of recruitment and adjusted for 
smoking (never smoked, past smoker, current smoker <10 cigarettes smoked per day, current 
smoker 10-19 cigarettes smoked per day, current smoker ≥20 cigarettes smoked per day, 
current smoker and unknown number of cigarettes smoked per day), deprivation (tertiles, 
unknown), alcohol intake (<1, 1-7 (ref.), 8-15, ≥16 grams per day, unknown), height cm (sex-
specific tertiles, unknown), BMI kg/m2(<20, 20-24, 25-29, ≥30), physical activity (inactive, low, 
moderate, high activity, unknown), HRT use ever (yes, no, unknown), educational attainment 
(national examination at age 16, national examination at ages 17-18, vocational qualification, 
, degree, unknown), self-reported high blood pressure (no, yes, unknown), and energy intake 
(sex-specific quintiles)

UK Biobank

Associations were stratified by sex and region and adjusted for smoking (never smoked, past 
smoker, current smoker <10 cigarettes smoked per day, current smoker 10-19 cigarettes 
smoked per day, current smoker ≥20 cigarettes smoked per day, current smoker and unknown 
number of cigarettes smoked per day), deprivation (tertiles, unknown), alcohol intake (none, 
<1, 1-<10, 10-<20, ≥20 grams per day, unknown), height cm (sex-specific tertiles, unknown), 
BMI kg/m2 (<20, 20-24, 25-29, ≥30), physical activity (<10 excess METs, 10-<50 excess 
METs, ≥50 excess METs, unknown), qualification (national examination at age 16, national 
examination at ages 17-18, vocational qualification, college or university degree, other, 
unknown), HRT (never, past, current, unknown), self-reported high blood pressure (no, yes, 
unknown), and energy intake (sex-specific quintiles)
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Appendix 4 – Results sensitivity analysis mortality RR 

Figure S 1 Risk ratios for the association between some recommendations of the Eatwell Guide and total 
mortality without adjustment for smoking
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Figure S 2 Risk ratios for the association between some recommendations of the Eatwell Guide and total 
mortality in never smokers
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For peer review onlyFigure S 1 Risk ratios for the association between the Eatwell Guide three level score and total mortality 
in never smokers
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Appendix 5 – Detailed GHG emission and WFP calculations

Data from NDNS were matched to food-specific GHG emissions and blue water footprint 
estimates from previous studies using 173 SubFoodGroups available in the NDNS dataset. 
Where SubFoodGroups contained a number of foods with differing environmental footprints, 
weighted means according to consumption were used, and similarly where SubFoodGroups 
were composite foods including many ingredients (e.g. meat pies) recipe data were used to 
estimate the mean proportions of ingredients contained within the composite food. Recipe 
data were obtained from Sainsbury’s (www.sainsbury.co.uk). Composite food and weighting 
data are available on request.

A number of additional SubFoodGroup categories were created in order to distinguish 
between categories where environmental footprints would be expected to differ greatly. 
These were:

 SubFoodGroup 6A (wheat based breakfast cereals), 6B (chocolate breakfast 
cereals), 6C (oat based breakfast cereals), 6D (maize based breakfast cereals), and 
6E (rice based breakfast cereals) were added in MainFoodGroup 6 (other breakfast 
cereals)

 SubFoodGroup 5A (wheat based high fibre breakfast cereals), 5B (chocolate high 
fibre breakfast cereals), 5C (oat based high fibre breakfast cereals), and 5D (rice 
based high fibre breakfast cereals) were added in MainFoodGroup 5 (high fibre 
breakfast cereals) and SubFoodGroup 5R was renamed (other high fibre breakfast 
cereals)

 SubFoodGroup 7C (biscuits chocolate retail) was added in MainFoodGroup 7 
(biscuits). 

 SubFoodGroup 8F (cakes chocolate) was added in MainFoodGroup 8 (buns cakes 
pastries and fruit pies) 

 SubFoodGroups 13C (non-dairy cream), 13D (almond milk), 13E (soya milk), 13F 
(other non-dairy milk) and 13G (chocolate milk) were added in MainFoodGroup 13 
(other milk and cream) – Elmlea is not included in non dairy cream as it contains 
buttermilk

 SubFoodGroup 14C (dairy free cheese) was added in MainFoodGroup 14 (cheese)
 SubFoodGroup 15E (non dairy desserts) was added in MainFoodGroup 15 (yoghurt 

fromage frais and dairy desserts) 
 SubFoodGroup 19B (less than 1% dairy low fat spread) was added in 

MainFoodGroup 19 (low fat spread)
 SubFoodGroup 20A (block margarine) was included in the dairy-free categories
 SubFoodGroup 20C (other cooking fats and oils not PUFA) was renamed (other 

vegetable fats and oils) and a new SubFoodGroup 20B (animal fats) was added in 
MainFoodGroup 20 (other margarine fats and oils)

 SubFoodGroup 21C (less than 1% dairy reduced fat spread) was added in 
MainFoodGroup 21 (reduced fat spread)

 SubFoodGroup 37C (baked beans with sausages), moved to SubFoodGroup 25A 
(manufactured pork products including ready meals) and categorised into 
MainFoodGroup 25 (pork products).

 SubFoodGroup 53A (non dairy ice cream) was added in MainFoodGroup 53 (ice 
cream)
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Codes 13A (infant formula), 54B (evening primrose oil and other plant oils), 54D (folic acid), 
54E (iron only or with vitamin C), 54F (calcium only or with vitamin D), 54G (vitamins (two or 
more including multivitamins), no minerals), 54H (minerals (two or more including multimins), 
no vitamins), 54I (vitamins and minerals (including multivits and minerals)), 54J (non-nutrient 
supplements including herbal), 54K (other nutrient supplements), 54L (vitamin C only), 54M 
(other single vitamins or minerals), 54M (cod liver oil and other fish oils), 54P (multivitamins 
and/or minerals with omega 3), 

SubFood
GroupCode

Food Group Name Mean Greenhouse Gas 
emissions (kg) per kg food

Mean blue water footprint 
(litres) per kg food

1C Pizza 3.51 369

1D Pasta manufactured products and ready 
meals

1.00 0

1E Other pasta including homemade dishes 1.00 0

1F Rice manufactured products and ready 
meals

3.13 1071

1G Other rice including homemade dishes 3.13 1071

1R Other cereals 1.18 103

2R White bread (not high fibre, not 
multiseed)

0.97 0

3R Wholemeal bread 0.97 0

4R Other bread 0.97 0

5A Wheat based high fibre breakfast cereals 1.40 229

5B Chocolate high fibre breakfast cereals 2.68 62

5C Oat based high fibre breakfast cereals 1.41 109

5R Other high fibre breakfast cereals 1.27 2

6A Wheat based breakfast cereals 1.40 0

6B Chocolate breakfast cereals 3.03 779

6C Oat based breakfast cereals 1.41 109

6D Maize based breakfast cereals 2.64 124

6E Rice based breakfast cereals 2.85 1009

6R Other breakfast cereals (not high fibre) 1.27 2

7A Biscuits manufactured / retail 1.80 143

7B Biscuits homemade 2.30 201

7C Biscuits chocolate retail 8.14 135

8B Fruit pies manufactured 0.95 86

8C Fruit pies homemade 1.11 91

8D Buns cakes and pastries manufactured 1.08 66

8E Buns cakes and pastries homemade 3.31 34

8F Cakes chocolate 3.11 126

9C Cereal based milk puddings 
manufactured

2.00 170

9D Cereal based milk puddings homemade 2.00 170

9E Sponge puddings manufactured 1.79 17

9F Sponge puddings homemade 1.79 17

9G Other cereal based puddings 
manufactured

4.00 26

9H Other cereal based puddings homemade 0.08 1

10R Whole milk 1.53 28

11R Semi skimmed milk 1.53 24
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12R Skimmed milk 1.53 24

13B Cream (including imitation cream) 4.89 44

13C Non dairy cream alternative 2.64 6

13D Almond milk 0.99 73

13E Soya milk 0.88 2

13F Other non-dairy milk 2.65 57

13G Chocolate milk 1.53 24

13R Other milk 1.80 109

14A Cottage cheese 15.00 132

14B Cheddar cheese 8.87 132

14C Dairy free cheese alternative 1.76 4

14R Other cheese 8.87 59

15B Yoghurt 2.00 31

15C Fromage frais and dairy desserts 2.00 27

15D Dairy desserts homemade 1.32 81

15E Non dairy desserts 2.05 94

16C Manufactured egg products including 
ready meals

3.51 4

16D Other eggs and egg dishes including 
homemade

4.70 39

17R Butter 9.00 194

18B Polyunsaturated oils 3.59 235

19A Polyunsaturated low fat spread 4.19 127

19B Less than 1% dairy low fat spread 4.19 144

19R Low fat spread not polyunsaturated 3.95 127

20A Block margarine 4.19 144

20B Animal fats 14.31 162

20C Other vegetable fats and oils 4.65 853

21A Reduced fat spread (polyunsaturated) 4.35 146

21B Reduced fat spread (not 
polyunsaturated)

4.35 146

21C Less than 1% dairy reduced fat spread 4.19 144

22A Ready meals / meal centres based on 
bacon and ham

7.47 304

22B Other bacon and ham including 
homemade dishes

10.70 321

23A Manufactured beef products including 
ready meals

10.40 127

23B Other beef and veal including homemade 
recipe dishes

16.50 205

24A Manufactured lamb products including 
ready meals

30.48 275

24B Other lamb including homemade recipe 
dishes

50.00 446

25A Manufactured pork products including 
ready meals

8.85 321

25B Other pork including homemade recipe 
dishes

10.00 293

26A Manufactured coated chicken / turkey 
products

3.12 80

27A Manufactured chicken products including 
ready meals

3.50 38

27B Other chicken / turkey including 
homemade recipe dishes

3.50 38

28R Liver and dishes 8.85 59
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29R Burgers and kebabs purchased 34.80 252

30A Ready meals based on sausages 4.80 139

30B Other sausages including homemade 
dishes

8.85 321

31A Manufactured meat pies and pastries 8.63 209

31B Homemade meat pies and pastries 13.96 251

32A Other meat products manufactured 
including ready meals

11.50 594

32B Other meat including homemade recipe 
dishes

2.84 37

33R White fish coated or fried 3.36 0

34C Manufactured white fish products 
including ready meals

4.55 0

34D Other white fish including homemade 
dishes

4.55 0

34E Manufactured shellfish products including 
ready meals

24.00 142

34F Other shellfish including homemade 
dishes

24.00 142

34G Manufactured canned tuna products 
including ready meals

4.55 0

34H Other canned tuna including homemade 
dishes

4.55 0

35A Manufactured oily fish products including 
ready meals

4.55 256

35B Other oily fish including homemade 
dishes

4.55 256

36A Carrots raw 1.28 0

36B Salad and other raw vegetables 0.68 16

36C Tomatoes raw 0.96 36

37A Peas not raw 2.55 13

37B Green beans not raw 0.50 40

37C Baked beans 2.15 428

37D Leafy green vegetables not raw 0.73 23

37E Carrots not raw 1.28 0

37F Tomatoes not raw 0.96 36

37I Beans and pulses including ready meals 
and homemade dishes

1.51 21

37K Meat alternatives including ready meals 
and homemade dishes

3.60 200

37L Other manufactured vegetable products 
including ready meals

1.60 7

37M Other vegetables including homemade 
dishes

0.58 39

38A Chips purchased including take away 1.45 30

38C Other manufactured potato products fried 
/ baked

1.46 17

38D Other fried / roast potatoes including 
homemade dishes

3.08 17

39A Other potato products and dishes 
manufactured

1.20 46

39B Other potatoes including homemade 
dishes

1.20 19

40A Apples and pears not canned 0.70 52

40B Citrus fruit not canned 0.40 93

40C Bananas 0.90 49

40D Canned fruit in juice 1.32 218

40E Canned fruit in syrup 1.32 218

40R Other fruit not canned 1.63 82
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41A Sugar 0.32 1

41B Preserves 2.96 206

41R Sweet spreads fillings and icing 7.14 269

42R Crisps and savoury snacks 2.47 92

43R Sugar confectionery 0.32 1

44R Chocolate confectionery 1.07 78

45R Fruit juice 1.01 157

47A Liqueurs 1.00 1

47B Spirits 1.00 1

48A Wine 1.00 1

48B Fortified wine 1.00 1

48C Low alcohol and alcohol free wine 1.00 1

49A Beers and lagers 3.80 14

49B Low alcohol and alcohol free beer and 
lager

3.80 14

49C Cider and perry 0.08 1

49D Low alcohol and alcohol free cider and 
perry

3.80 1

49E Alcoholic soft drinks 0.80 28

50A Beverages dry weight 1.80 119

50C Soup manufactured / retail 1.25 27

50D Soup homemade 0.47 6

50E Nutrition powders and drinks 0.00 0

50R Savoury sauces pickles gravies and 
condiments

1.54 27

51A Coffee (made up weight) 0.79 1955

51B Tea (made up weight) 0.33 221

51C Herbal tea (made up weight) 0.40 1

51D Bottled water still or carbonated 0.40 1

51R Tap water only 1.00 1

52A Commercial toddlers drinks 0.00 0

52R Commercial toddlers foods 0.00 0

53A Non dairy ice cream 2.05 94

53R Ice cream 3.82 44

55R Artificial sweeteners 3.20 487

56R Nuts and seeds 1.57 1415

57A Soft drinks not low calorie concentrated 0.40 1

57B Soft drinks not low calorie carbonated 0.40 1

57C Soft drinks not low calorie rtd still 0.40 1

58A Soft drinks low calorie concentrated 0.40 1

58B Soft drinks low calorie carbonated 0.40 1

58C Soft drinks low calorie rtd still 0.40 1

59R Brown granary and wheatgerm bread 0.97 0

60R 1% fat milk 1.53 23

61R Smoothies 100% fruit and / or juice 1.05 54
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Appendix 7A – Calculation of weighted GHG and water footprint of the food group 
aggregate “fruit and vegetables” – based on proportional supply by crop and country 
of origin (FAOStat 2013 data)

Crops % of total supply
GHG per 
kg

Blue WF per kg

Tomatoes 13.4 0.96 36
Bananas 7.8 1.07 49
Grapes** 6.3 1.34 298

Apples 6.1 0.75 77
Onions, dry 6.0 0.76 36

Carrots and turnips 5.8 1.28 0
Oranges 5.0 0.4 93

Cauliflowers and broccoli 2.5 1.03 53
Cabbages and other brassicas 2.5 0.67 7

Lettuce and chicory 2.3 1.59 41
Tangerines, mandarins, 
clementines, satsumas 2.0

0.4 93

Mushrooms and truffles 1.6 0.76 2
Chillies and peppers, green 1.6 0.76 2

Cucumbers and gherkins 1.5 0.2 12
Olives** 1.4 1.34 298

Pineapples** 1.4 1.34 298
Maize, green 1.3 0.76 2
Peas, green 1.3 2.55 23

Pears** 1.3 0.75 77
Melons, other 

(inc.cantaloupes)** 1.1
1.34 298

Strawberries 1.0 1.7 28
Lemons and limes 0.84 1.01 157

Plums and sloes 0.82 1.7 28
Pumpkins, squash and gourds 0.75 0.5 55

Peaches and nectarines** 0.64 1.34 298
Grapefruit (inc. pomelos) 0.60 0.4 93

Watermelons** 0.53 1.34 298
Apricots** 0.46 1.34 298

Sweet potatoes 0.46 0.5 55
Leeks, other alliaceous 

vegetables 0.42
0.71 15

Mangoes, mangosteens, 
guavas** 0.41

1.34 298

Beans, green 0.36 0.5 6
Avocados** 0.25 1.34 298

Onions, shallots, green* 0.24 0.76 36
* all other crops contribute less than 0.2% to total UK supply and were disregarded for 
calculations of weighted GHGe and WF of the fruit and vegetables aggregate. 

** Classified as “other fruit” or “other vegetables” -  without specific WFs 
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Appendix 7B - Proportions of main UK imported foods from different countries

For each food group, countries of origin were selected based on a database adapted from FAO Food 
Balance Sheet data (https://iopscience.iop.org/article/10.1088/1748-9326/9/3/034015/meta). All 
countries providing at least 10% of the total availability for that food group were included in 
environmental footprinting, and for the remainder of supply global average figures were applied. 
Where country-specific footprint data were not available, footprints from the most similar country 
or a global average were applied.

Food Country Proportion 
of UK 
consumption

ALMONDS USA 0.72
Australia 0.1
Spain 0.14
Global 0.04

APPLE JUICE France 0.14
South Africa 0.1
UK 0.36
Global 0.4

APPLES France 0.14
South Africa 0.1
UK 0.36
Global 0.4

ASPARAGUS Mexico 0.11
Peru 0.46
Spain 0.12
UK 0.26
Global 0.05

AVOCADO Chile 0.22
Israel 0.16
Peru 0.21
South Africa 0.27
Global 0.14

BANANAS Colombia 0.23
Costa Rica 0.18
Dominican 
Republic

0.18

Ecuador 0.14
Global 0.27

BARLEY UK 0.81
Global 0.19

BEEF UK 0.76
Ireland 0.17
Global 0.07

BLUEBERRIES Netherlands 0.34
Poland 0.3
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Global 0.45
CAULIFLOWER/BROCCOLI UK 0.47

Spain 0.43
Global 0.1

CHICKPEAS Argentina 0.11
Australia 0.21
Canada 0.14
Mexico 0.12
Global 0.42

COFFEE Brazil 0.26
Colombia 0.1
Indonesia 0.13
Vietnam 0.25
Global 0.26

COCOA BUTTER Ghana 0.27
Cote d'Ivoire 0.44
Nigeria 0.1
Global 0.19

COCOA PASTE Ghana 0.27
Cote d'Ivoire 0.44
Nigeria 0.1
Global 0.19

COCONUTS Indonesia 0.24
Malaysia 0.11
Philippines 0.48
Global 0.17

CUCUMBERS Netherlands 0.34
Spain 0.33
UK 0.3
Global 0.03

GARLIC China 0.41
Spain 0.52
Global 0.07

GRAPES Chile 0.1
France 0.1
Italy 0.15
Spain 0.1
Turkey 0.18
Global 0.37

GREEN BEANS Egypt 0.15
Kenya 0.32
UK 0.32
Global 0.21

GROUNDNUTS USA 0.26
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Nicaragua 0.13
China 0.14
Argentina 0.33
Global 0.14

HAZELNUTS Georgia 0.18
Italy 0.1
Turkey 0.69
Global 0.03

LEMON JUICE Argentina 0.16
Brazil 0.13
Spain 0.47
Global 0.24

LEMONS Argentina 0.16
Brazil 0.13
Spain 0.47
Global 0.24

LENTILS Canada 0.63
Turkey 0.26
Global 0.11

LETTUCE Spain 0.49
UK 0.4
Global 0.11

MAIZE France 0.27
Ukraine 0.18

 Global 0.55
MILLET Russia 0.32

France 0.24
Ukraine 0.13
India 0.1

 Global 0.21
NUTS, OTHER China 0.13

Turkey 0.3
USA 0.12
Global 0.45

OLIVE OIL Italy 0.18
Spain 0.59
Global 0.23

ONIONS Netherlands 0.23
Spain 0.16
UK 0.44
Global 0.17

ORANGE JUICE Brazil 0.3
South Africa 0.13
Spain 0.28
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USA 0.1
Global 0.19

ORANGES Brazil 0.3
South Africa 0.13
Spain 0.28
USA 0.1
Global 0.19

PALM OIL Indonesia 0.43
Malaysia 0.28
Papua New Guinea 0.2
Global 0.09

PEACHES Italy 0.14
Spain 0.73
Global 0.13

PEARS Netherlands 0.32
South Africa 0.17
UK 0.13
Global 0.38

PEPPERS AND CHILLIES Netherlands 0.38
Spain 0.34
UK 0.11
Global 0.17

PINEAPPLES Costa Rica 0.7
Thailand 0.14
Global 0.16

POTATOES UK 0.72
Netherlands 0.11
Global 0.17

PRUNES (PLUMS) Chile 0.24
Spain 0.16
UK 0.11
USA 0.14
Global 0.35

RAISINS Turkey 0.3
USA 0.3
South Africa 0.1
Chile 0.1
Global 0.2

RICE (WHITE) India 0.26
Spain 0.18
Italy 0.13
Pakistan 0.11

 Global 0.32
RICE (BROWN) India 0.26
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Spain 0.18
Italy 0.13
Pakistan 0.11

 Global 0.32
SOYA PROTEIN Brazil 0.44

Argentina 0.31
USA 0.16
Global 0.09

SOYBEANS Argentina 0.31
Brazil 0.44
USA 0.16
Global 0.09

SOYBEANS FOR MILK Brazil 0.44
Argentina 0.31
USA 0.16
Global 0.09

SPINACH Italy 0.11
Spain 0.7
Global 0.19

SUGAR UK 0.38
Global 0.62

SUNFLOWER OIL Argentina 0.12
France 0.14
Ukraine 0.31
Global 0.43

SUNFLOWER SEEDS Argentina 0.12
France 0.14
Ukraine 0.31
Global 0.43

TEA India 0.16
Indonesia 0.15
Kenya 0.39
Global 0.3

TOMATO PASTE Italy 0.39
Spain 0.2
Portugal 0.13
Global 0.28

TOMATOES Italy 0.39
Spain 0.2
Portugal 0.13
Global 0.28

WHEAT FLOUR UK 0.67
Global 0.33
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Appendix 8 – Differences in EWG dietary guidelines adherence
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Appendix 9 – Greenhouse Gas Emissions and Water Footprints by adherence group 
adjusted for energy intake (unweighted regression models)

(Unweighted) regression analysis of greenhouse gas emission by adherence group – 1) 
crude and 2) adjusted for energy intake. 

Greenhouse Gas Emissions (in kg CO2eq per day)
adjusted for total caloric intake

Crude model Mean SE Lower CI Upper CI

0-2 guidelines 4.69 0.054 4.80 4.58

3-4 guidelines 3.76 0.039 3.84 3.68

5-9 guidelines 3.53 0.053 3.63 3.43

Adjusted model Mean SE Lower CI Upper CI

0-2 guidelines 4.69 0.050 4.79 4.59

3-4 guidelines 3.76 0.040 3.84 3.68

5-9 guidelines 3.53 0.048 3.62 3.44

Blue Water Footprints (in litres per day)
adjusted for total caloric intake

Crude model Mean SE Lower CI Upper CI

0-2 guidelines 462 15.2 492 432

3-4 guidelines 458 11.0 480 436

5-9 guidelines 525 15.0 554 496

Adjusted model Mean SE Lower CI Upper CI

0-2 guidelines 462 16.8 495 429

3-4 guidelines 458 12.6 483 433

5-9 guidelines 525 16.3 557 493
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Abstract

Objectives – To assess the health impacts and environmental consequences of adherence 
to national dietary recommendations (the Eatwell Guide) in the UK.

Design and Setting – A secondary analysis of multiple observational studies in the UK

Participants – Adults from the EPIC-Oxford, UK Biobank and Million Women Study, and 
adults and children aged 5 and over from the National Diet and Nutrition Survey (NDNS)

Primary and Secondary Outcome Measures – risk of total mortality from Cox proportional 
hazards regression models, total greenhouse gas (GHG) emissions and blue water footprint 
associated with “very low” (0-2 recommendations), “low” (3-4 recommendations) or 
“intermediate to high” (5-9 recommendations) adherence to Eatwell Guide recommendations

Results – Less than 0.1% of the NDNS sample adhere to all nine EWG recommendations 
and 30.6% adhere to at least five recommendations.  Compared to “very low” adherence to 
EWG recommendations, “intermediate to high adherence” was associated with a reduced risk 
of mortality (Risk ratio (RR): 0.93; 99% confidence interval (CI): 0.90 to 0.97) and -1.6kg 
CO2eq/day (95% CI -1.5 to -1.8), or 30% lower dietary GHG emissions. Dietary water footprints 
were similar across EWG adherence groups. Of the individual Eatwell guidelines, adherence 
to the recommendation on fruit and vegetable consumption was associated with the largest 
reduction in total mortality risk: a RR of 0.90 (99% CI 0.88, 0.93). Increased adherence to the 
recommendation on red and processed meat consumption was associated with the largest 
decrease in environmental footprints (-1.48kg CO2eq/day, 95% CI -1.79, -1.18 for GHG 
emissions and -22.5 litres/day, 95% CI -22.7, -22.3 for blue water footprint). 

Conclusions – The health and environmental benefits of greater adherence to EWG 
recommendations support increased government efforts to encourage improved diets in the 
UK that are essential for the health of people and the planet in the Anthropocene. 

Strengths and limitations of this study
● This is the first study (in a UK context) using empirical data to study health impacts and 

multiple environmental consequences of sustainable diets 
● The study uses multiple high-quality datasets with a total of 557,722 participants for health 

outcomes and 5,747 participants for environmental footprints
● The provided methods can be replicated in other settings and the Eatwell Guide dietary 

recommendations share many features of healthy lower environmental impact diets
● Despite several sensitivity analyses, there might be residual confounding (i.e. 

unmeasured differences between people who eat different diets) distorting our findings
● Although the evidence base and quality of methods and metrics for environmental 

footprints are rapidly improving, uncertainty about the exact measurements of water 
footprints and greenhouse gas emissions of food items and diets in general remain
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Background 

Diets are likely to play a crucial role in the Anthropocene in supporting population health and 
safeguarding environmental sustainability for future generations. Current diets are associated 
with a high burden of disease: globally ~1.9 billion adults are overweight or obese, 462 million 
are underweight [1], and over 30% of the world’s population suffers from deficiencies of 
essential nutrients [2]. The food system that produces these diets is also responsible for 21-
37% of global greenhouse emissions (GHGe) [3] and agriculture alone accounts for ~70% of 
fresh water withdrawal [4]. Whilst food system GHGe contribute to global climate change 
problems regardless of location of production, food system water use is highly location 
specific: with approximately half of all countries classified as “water scarce” - and a number of 
water safe countries projected to become water scarce by 2040 [5] - origin of food supply is a 
crucial consideration when considering the sustainability of food system water use.  

There is an urgent need for significant transformations of the food system to produce diets 
that address both health and environmental concerns, and evidence on the recommended 
composition of these diets is expanding rapidly [6, 7]. While the specific composition of such 
diets has been shown to vary considerably culturally and regionally compared to existing 
consumption patterns, these diets typically have substantially greater plant-based food 
content as well as no more than moderate content of animal sourced foods (e.g. meat and 
dairy) (e.g. [6, 8, 9]). 

The UK food system is no exception to these concerns for sustainability, and many 
transformative changes need to be made to make it more sustainable, resilient and healthy. 
Currently 64% of the adult population in the UK are overweight or obese [10], and only 29% 
of adults and 18% of children between 5 and 15 years of age meet the recommended fruit and 
vegetable intake of “5-a-day” [10] . At the same time, water use of UK diets is on average 
2,757 litre per capita per day, which is below the global average of 3,167 litre [11], but half of 
the national blue (surface and ground) water footprint - 15.0 million m3 per day - is imported 
(i.e. embedded in imported foods from elsewhere) from countries with water scarcity [12, 13]. 
Furthermore, GHGe of average UK diets were found to be 1210 kg CO2eq per capita per year 
as compared to a EU average of 1070 kg CO2eq per capita per year [14].  Evidence suggests 
that 17% of emissions could be avoided when the population were to shift to WHO dietary 
guidelines[15].

Governments are increasingly including both health and environmental considerations in their 
recommended dietary guidelines. In the UK, Public Health England produced the “Eatwell 
Guide” (EWG) as a “policy tool to define government recommendations on eating healthily 
and achieving a balanced diet” [16].  From a health perspective, the EWG promotes, for 
example, cereals, potatoes, fruit, vegetable and fibre consumption, whilst recommending a 
limited consumption of sugar and processed meats [17]. Adhering to these individual 
guidelines has been associated with several health benefits including improved cardiovascular 
health [18] and reduced cancer risk [19, 20]. From an environmental perspective the EWG 
mentions the importance of a “balance of healthier and more sustainable food”, while providing 
information about protein alternatives, such as beans, peas and lentils that typically have a 
lower environmental footprint than animal source food protein sources [20-23].  Compared to 
current diets, the EWG recommendations are, therefore, expected to have on average lower 
environmental footprints (GHG emissions, water and land use requirements) [24]. The 
guidelines on meat and dairy, that are both set substantially below current average intake, 
were projected to have the largest impact on reduction of GHG emission, land use and 
eutrophication [25]. GHGe of meat eaters in the UK was found to be roughly double that of 
vegans [23].    
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Whilst modelling studies have estimated the change in GHGe when shifting from current EWG 
adherent diets, these are subject to many assumptions related to the substitutions between 
food groups inherent to the dietary change. To date, no study has been conducted using 
empirical dietary data (of large-scale cohort studies) to assess “real world” composition of diets 
that are in adherence with the EWG, which could substantially improve the uncertainty of 
estimation of the associated change in dietary GHGe. Furthermore, to date no analysis of the 
water footprint of EWG adherence has been published. 

In this report we use high-quality data from three large prospective UK cohort studies to assess 
the health impacts associated with adherence to EWG dietary guidelines and using nationally-
representative dietary intake data we estimate the environmental footprints of UK diets with 
varying degrees of adherence to EGW recommendations. 

Methods
Datasets

We used four high-quality data sources in this paper (detailed description of each database 
provided in Appendix 1). The databases from EPIC-Oxford (EPIC-Ox) [26], UK Biobank (UKB) 
[27]  and the Million Women Study (MWS) [28] contain comprehensive health information, 
linked death registration data, as well as dietary intake data. These three datasets were used 
to estimate the associations with health of adherence to EWG recommendations. Details on 
the specific datasets have been published elsewhere. Briefly, participants in the MWS were 
recruited from women invited for breast cancer screening in England and Scotland between 
1996 and 2001.  Dietary intake was collected using semi-quantitative questions and total 
mortality was determined using death records.  We used data from 464,078 participants of the 
MWS database. In the EPIC-Ox study, which involves both male and female participants, 
dietary intake was collected using a food-frequency questionnaire, whilst total mortality was 
ascertained using death record linkage. We used data from 40,030 men and women of the 
EPIC-Ox database. For the UKB study, middle-aged adults were recruited between 2006-
2010. A sub-sample completed a minimum of three 24-hour dietary recall questionnaires. 
Participant data have been linked to the NHS Central register to obtain mortality information. 
We used data from 53,614 participants of the UKB study. Finally, the National Diet and 
Nutrition Survey (NDNS) [29] contains nationally representative detailed dietary intake data 
that were used to analyse the diet-related environmental footprint of NDNS participants with 
different levels of EWG adherence. We excluded children <5 years of age from the NDNS 
data, as the EWG recommendations are not applicable to this age group. 

Eatwell Guide dietary recommendations

Dietary intakes reported in each of the four databases were compared to recommended 
intakes by the EWG and dichotomized (yes/no) to reflect individual adherence to EWG 
recommendations (recommendations by age and sex provided in Appendix 2). Nine food and 
nutrient groups with recommended levels of consumption specified in the EWG were 
considered: fruit and vegetables; oily fish; other fish; red and processed meat; total fibre; total 
salt; free sugars; saturated fatty acids; and total fat. Two further EWG recommendations on 
protein and carbohydrates were excluded as significant heterogeneity across foodstuffs 
included in the questionnaires limit conversion from % of food energy intake to grams per day 
(see also [30]). Participants were grouped into three categories of adherence based on the 
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number of dietary recommendations met (total = 9): very low adherence [score 0-2]; low 
adherence [score 3-4]; and intermediate to high adherence [score 5-9].

Health impacts

We used multivariable-adjusted Cox proportional hazards regression models to assess 
associations between adherence to the EWG dietary guidelines and risk of total mortality, 
ascertained through death registries using participant data of EPIC-Oxford (EPIC-Ox), the 
Million Women Study (MWS), and a subset of UK Biobank with detailed dietary data (UKB). 
These estimates were combined using meta-analytical methods to provide pooled risk ratios 
(RR). The mean follow-up time was 21.0 years in EPIC Ox, 10.5 years in MWS and 3.9 years 
in UKB.

Participants in each database were excluded from the analysis sample if: (1) they had 
prevalent and/or unknown status of malignant cancer, diabetes or cardiovascular disease 
(data based on self-report and health record data) or rated their overall health as either poor 
or fair at recruitment; (2) they had energy intakes outside the ranges 2,093-14,654 kJ for 
women and 3,349-16,747 kJ for men, and did not report: a change in diet because of illness 
(MWS), not eating or drinking normally because of illness or fasting (UKB), because of 
stomach problems, bowel problems or diabetes (EPIC-Ox) and in UKB had not completed a 
minimum of three WebQ questionnaires; (3) they were lost to follow-up during the first 5 years 
of follow-up (MWS and EPIC-Ox only), and; (4) their smoking status was unknown. 

Associations were stratified by sex, region and method of recruitment (in addition to the 
general recruitment strategy, specific underrepresented groups were targeted for recruitment 
by leaflets – which could have introduced selection bias), where appropriate. All analyses were 
adjusted for smoking, deprivation, alcohol consumption, height, body mass index (BMI), 
exercise levels, hormone replacement therapy use, education, high blood pressure or 
hypertension and energy intake (Appendix 3 for details). We performed a set of seven 
sensitivity analyses, comparing the above model with a) an unadjusted model, models without 
adjustment for b) energy, c) height, d) BMI or e) smoking, f) a model mutually adjusting for all 
other eight food groups, and g) a model excluding smokers (Appendix 4). 

Environmental footprints

We used data from NDNS waves 5-9 (2012-2017) to map the environmental footprints of diets 
in the UK. The database comprises detailed dietary data for 5,747 individuals aged five years 
and over, grouped into 158 distinct food group aggregates. Data collection methods are 
described in detail elsewhere [31]. We used the Food and Agriculture Organization (FAO) 
bilateral trade database to estimate the mean proportion of each food group imported from 
outside the UK [32]. The trade database includes bilateral data on exports and imports of all 
food and agricultural products reported by all the countries in the world.

Greenhouse Gas Emissions - Emissions of GHGs across the life cycle (kg CO2e/kg food) for 
the 158 distinct food group aggregates were derived from published data (Appendix 5&6). A 
weighted average of GHG emissions was calculated based on consumption of individual foods 
within each food group and proportion of supply from different countries. For foods entirely or 
more than 90% produced in the UK, UK-specific data were used. A weighted average for GHG 
emissions was applied for imported foods based on the proportion of total supply from various 
countries (Appendix 7).
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Water footprints (WFs) - The blue (ground and surface water) WF (L/g food) of crop and 
livestock products were derived from published data for 1996-2005 from the Water Footprint 
Network (WFN, [33]) (Appendix 5&6). For foods entirely or more than 90% produced in the 
UK, UK-specific WFN values were used. Imported food groups were assigned weights 
proportional to percentage of overall supply of each major exporting country to the UK, 
multiplied by WFN estimates for that particular country and food group (Appendix 7).

The estimated GHG emissions and WFs associated with each food group were used to 
quantify total environmental footprints associated with the daily diet of each participant in the 
NDNS database. We compared GHG emissions and WFs of diets of those adhering and those 
not adhering to each EWG dietary guidelines, and estimated the mean change in 
environmental footprint that would occur if individuals shifted from low to intermediate/high 
adherence to the EWG guidelines.  

Results

EWG-adherence

Less than 0.1% of the NDNS sample (0.078%) adhered to all nine EWG recommendations 
(Figure 1A), with the largest proportion of the population (44%) adhering to 3-4 guidelines. 
The most commonly unmet recommendations included those on consumption of dietary fibre 
and oily fish (7.2% and 16.8% adherence respectively), while more than 50% of the population 
met total and saturated fat, salt and red and processed meat recommendations (Figure 1B). 
Adherence to the EWG recommendations in EPIC-Ox, MWS and UKB showed a similar 
pattern to that in the NDNS data set (Appendix 8).

Figure 1: Adherence to the Eatwell Guide recommendations by the UK population - based on data from wave 5-9 
of the National Dietary and Nutrition Survey (NDNS): A) total number of recommendations met by % of UK 
population; B) adherence to specific recommendations

Health effects of adherence to EWG recommendations

Compared with those who had a very low adherence to the EWG, individuals with intermediate 
to high adherence had a 7% [99% CI: 3 to 10%] reduced risk of total mortality (Figure 2). 
Sensitivity analysis identified smoking as an important confounder and hence the main 
analysis was adjusted for smoking.  Other potential confounders showed to only marginally 
affect associations detected in the main model. 

Figure 2: Forest plot showing the study specific (MWS, UKB & EPIC-Ox) and pooled mortality risk ratios comparing 
very poor adherence to EWG rocmmendations (score 0-2) with poor adherence (score 3-4) and intermediate to 
high adherence (score 5-9).

Adherence to the recommendation on fruit and vegetable consumption was independently 
associated with the largest reduction in total mortality risk: a reduction of 10% [RR: 0.90; 99% 
CI: 0.88 – 0.93] (Figure 3; attenuated to 9% in models adjusting for all other EWG 
recommendations see Appendix 4).  Meeting the recommendations on saturated fat and oily 
fish consumption showed smaller associations with health benefits, with 5% and 3% 
reductions in mortality respectively (both attenuated to 3% in models adjusting for all other 
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EWG recommendations see [Appendix 4]). There was no consistent evidence of an 
association with mortality risk for adherence to other EWG recommendations (Figure 3 & 
Appendix 4 – with recommendation based on dietary reference values for food energy and 
nutrients for the United Kingdom [34]). 

Figure 3: Mortality risk ratios for the association between adhering to specific EWG recommendations and total 
mortality. * Recommendation was based on food energy and was therefore adapted to ≥47% of total energy. *Adapted to <=33% 
of total energy. †Adapted to <=10% of total energy. ‡Information on salt intake was ascertained from the variable ‘Never adding 
salt to food at the table or cooking’ in the MWS and in the EPIC-Oxf study; and from the variable ‘Not reporting having added salt 
to food (excluding during cooking)’ in any of the WEBQs included in the UKB. §Fibre intake in the study was determined using 
the Englyst method and the recommendation was therefore adapted to >=22.6g/d of Englyst fibre.

Environmental footprints of diets

Individuals with intermediate to high adherence to EWG recommendations showed a  
reduction in average dietary GHG footprints - compared to those with low and very low EWG-
adherence - of 12% and  30% respectively: an average of 3.8kg CO2eq/day (95% CI: 3.7 to 
3.9kg CO2eq /day) , (4.3kg CO2eq/day [95% CI: 4.1 to 4.4kg CO2eq /day] and 5.4 kg 
CO2eq/day [95% CI: 5.2 to 5.6kg CO2eq /day] for intermediate to high (score 5-9), low (score 
3-4) and very low (score 0-2) EWG adherence respectively) Dietary blue WFs were similar 
across adherence groups (Figure 4): 637kg CO2eq /day [95% CI 590 to 683], 590kg CO2eq 
/day [95% CI 558 to 622] and 612kg CO2eq /day [95% CI 571 to 654] respectively for very 
low, low and  intermediate to high adherence to the EWG recommendations. GHG emissions 
and WFs changed marginally when adjusting for dietary energy intake (Appendix 9).

Figure 4: Average daily greenhouse gas emissions in kg CO2eq and average daily dietary water footprints 
comparing diets with very low (score 0-2), low (score 3-4) and intermediate to high adherence (score 5-9) to the 
Eatwell Guide dietary guidelines.  

Mean difference in consumption (in g per day) of foods between EWG adherent and non-
adherent individuals was large (Table 1). Associated differences in dietary GHG emissions 
were small for fruit and vegetables, oily fish and non-oily fish consumption, and adherence to 
the recommendation on red and processed meat was associated with lower GHG emissions 
(-1.48kg CO2eq/day; 95% CI -1.79 to -1.18) (Table 1).  Differences in blue water footprints 
were small for oily fish and non-oily fish consumption, and adherence to the fruit and vegetable 
recommendation was associated with a larger blue water footprint (+28.5 litres per person per 
day; 95% CI: 17.4 to 39.8) while adherence to the red and processed meat recommendation 
was associated with a lower blue water footprint (-22.5 litres per person per day; 95% CI: -
22.7 to -22.3).  

Dietary Recommendation

Fruit & 
vegetables Oily fish Non-oily fish

Red & 
processed 

meat
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Weighted average 
consumption 

g/day
(SE)

561
(6.47)

218
(2.00)

40.3
(1.23)

1.14
(0.08)

39.7
(0.85)

3.61
(0.13)

31.8
(0.50)

113
(1.30)

Difference in average 
consumption g/day +343 +39.2 +36.1 -81.2

Mean difference in GHGe 
achieved by switching to 
meeting guideline 

kg CO2eq/day 
(95% CI)

0.34
(0.29 to 0.38)

0.18
(0.04 to 0.31)

0.34
(0.23 to 0.45)

-1.48
(-1.79 to -1.18)

Mean difference in blue WF 
achieved by switching to 
meeting guideline 

l/day
(95% CI)

28.5
(17.4 to 39.8)

10.0
(9.37 to 10.7)

8.23
(7.69 to 8.77)

-22.5
(-22.7 to -22.3)

Table 1: Mean per-capita change in environmental footprints from switching* from non-adherence to adherence to 
food-based EWG recommendations (*from current level of adherence to adherence by all)

Discussion 
Adherence to the Eatwell Guide is currently low among the UK population. Our analysis of 
three large UK cohort studies suggests that greater adherence is associated with population 
health benefits, and using data from the nationally-representative National Diet and Nutrition 
Survey data, we demonstrate that increased EWG adherence is associated with a lower 
environmental footprint in terms of GHG emissions, although not water use. Adherence to 
some EWG recommendations would increase environmental footprints in some instances. 
Taken together these findings suggest broad benefits to public health and the environment of 
adherence to the EWG and provide evidence to support strengthened national action to 
improve diets in the UK for the benefit of people and the planet. 

Our findings support earlier analyses [24] showing that UK diets fully compliant with the EWG 
have lower environmental footprints. Previous studies of the sustainability of UK diets have 
found that considerable co-benefits to environment and health could be achieved by meeting 
WHO dietary guidelines [15, 35], increasing adherence to the EAT Lancet diet [36], and 
following a predominantly plant-based diet [20, 23, 37, 38]. While our analysis confirms that 
reducing consumption of red and processed meat is paramount for lowering environmental 
footprints of diets, the analysis suggested that population health benefits would be mainly 
associated with the recommended consumption of fruit and vegetables.

The estimated 7% reduction in mortality and 30% reduction in emissions (or an average 
absolute reduction of 0.58 tonne GHGe per person per year) through better adherence to the 
EWG-guidelines is similar in magnitude as compared to other population-level interventions 
aiming multiple benefits for health and the environment. For example, a study evaluating a 
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future scenario of increased active travel and lower-emission motor vehicles in London 
estimated a 0.72 tonne reduction in per person GHGe as compared to the business-as-usual 
scenario, as well as a 10-19% reduction in years of life lost from ischaemic heart disease[39].  
A dietary modelling study from the Netherlands estimated impact on GHGe (4-11%) from 
substituting 35g/d of meat with vegetables, fruit, nuts, seeds, pasta, rice, couscous or fish [40]. 

A major strength of this study is its use of four large, high-quality data sources for the UK. A 
number of sensitivity analyses were conducted to test the robustness of the findings to 
different assumptions about the causal relationships between variables, and ranges of 
environmental footprints were used to construct confidence intervals for those relationships. 
A further strength is the use of empirical rather than modelled diets for the study. Nevertheless, 
the analyses also have potential weaknesses, among these was the simplification that all diets 
that met a certain number of recommendations were equally healthy (or unhealthy) regardless 
of which recommendations were being met, and the assumption that lower consumption of 
one food group or nutrient could not be compensated by higher consumption of other foods. 
Low inter-individual variance in diets associated with high adherence to some 
recommendations combined with relatively low overall intake (for example of red and 
processed meat) may also have resulted in low power to detect diet-health associations [41]. 
As for all studies measuring dietary intake, assessment is subject to measurement error. 
However, in the three datasets considered in this study, dietary intake data were collected 
using different methods, reducing the likelihood of type I errors across all included studies. 
Data on greenhouse gas emissions were obtained from diverse sources which used different 
methods and time periods. Data on water footprints were obtained from a single source, but 
this source used average crop water requirements and yields from the years 1996-2005, and 
these values may therefore have changed by the time of the UK dietary survey ~15 years 
later, resulting in some inaccuracies of food water footprints. We attempted to select data on 
greenhouse gas emissions from surveys with years corresponding to the years of the NDNS, 
but this was not always possible and therefore the same inaccuracies may affect the 
greenhouse gas footprints of the diets. Finally, due to data limitations it was not possible to 
assess both health and environmental footprints of diets within single datasets. 

The EWG dietary recommendations are associated with better health outcomes and lower 
GHG emissions but are substantially different from the “planetary health diet” recently 
recommended [6], particularly in terms of red and processed meat consumption – with a much 
lower amount maximum amount of meat recommended in the latter. Our analysis suggests 
that considerable dietary shifts are required in UK dietary habits to meet the EWG 
recommendations, and that additional substantial changes would be needed to meet the more 
stringent planetary health diet recommendations. A major determinant of such shifts will be 
food prices [42, 43] and recent analysis has demonstrated that affordability of such diets may 
vary substantially [44]. Furthermore, it should be noted that an increasing proportion of plant-
based foods for human consumption in the UK is imported from abroad [45]. Therefore, shifts 
in diets towards such foods, and no change in trading strategy, would further increase reliance 
on foreign production for resilient supply of plant-based foods. Moreover, an increasingly large 
proportion of these plant-based food imports originates from countries that are highly 
vulnerable to climate change (e.g. countries that are predicted to be highly water deficient by 
2030). [32]. Care should be taken to avoid that dietary shifts towards EWG-adherence (and 
hence more plant-based diets) would result in substantial virtual water trade – away from water 
scarce countries - to supply the UK markets.  

A fast-tracked nationwide shift towards adherence to the EWG will provide an essential step 
towards sustainable and healthy diets in the UK, to be followed by careful considerations on 
how to further improve sustainability beyond EWG adherence. Health services including family 
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doctors must play an active role in promoting adherence to the EWG recommendations to 
their patients [46] and thereby contribute directly to population health and environmental 
sustainability.
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selected research requests only. (UKB: https://www.ukbiobank.ac.uk/principles-of-access/; 
MWS: http://www.millionwomenstudy.org/files/07112018Datasharingpolicy.pdf; EPIC-Oxf: 
http://www.epic-oxford.org/data-access-sharing-and-collaboration/)
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Figure 1: Adherence to the Eatwell Guide recommendations by the UK population - based on data from wave 
5-9 of the National Dietary and Nutrition Survey (NDNS): A) total number of recommendations met by % of 

UK population; B) adherence to specific recommendations 
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Figure 2: Forest plot showing the study specific (MWS, UKB & EPIC-Ox) and pooled mortality risk ratios 
comparing very poor adherence to EWG rocmmendations (score 0-2) with poor adherence (score 3-4) and 

intermediate to high adherence (score 5-9). 
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Figure 3: Mortality risk ratios for the association between adhering to specific EWG recommendations and 
total mortality. * Recommendation was based on food energy and was therefore adapted to ≥47% of total 

energy. *Adapted to <=33% of total energy. †Adapted to <=10% of total energy. ‡Information on salt 
intake was ascertained from the variable ‘Never adding salt to food at the table or cooking’ in the MWS and 

in the EPIC-Oxf study; and from the variable ‘Not reporting having added salt to food (excluding during 
cooking)’ in any of the WEBQs included in the UKB. §Fibre intake in the study was determined using the 

Englyst method and the recommendation was therefore adapted to >=22.6g/d of Englyst fibre. 
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Figure 4: Average daily greenhouse gas emissions in kg CO2eq and average daily dietary water footprints 
comparing diets with very low (score 0-2), low (score 3-4) and intermediate to high adherence (score 5-9) 

to the Eatwell Guide dietary guidelines.   
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To: HEALTH IMPACTS AND ENVIRONMENTAL FOOTPRINTS OF DIETS THAT MEET 

THE EATWELL GUIDE RECOMMENDATIONS: ANALYSES OF MULTIPLE UK STUDIES  
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Appendix 1 - Basic study descriptions for each cohort 

 

Million Women Study  

We used data from 464,078 participants of the Million Women Study. Participants were 

recruited from women (mean age 56 years) invited to the National Health service (NHS) breast 

cancer screening programme in England and Scotland between 1996 and 2001 [1]. Dietary 

intake was collected after an average of 3.3 years post recruitment using 130 semi-quantitative 

questions that were validated against a 7-day diet diary [2]. Nutrients were estimated by 

multiplying the frequency of consumption by portion size and nutrient composition of that item 

[3]. 

Total mortality was determined using death records obtained through linkage to centrally held 

NHS records. The Million Women Study protocol was approved by the Oxford and Anglia 

Multi-Centre Research Ethics committee. All participants provided written informed consent. 

EPIC Oxford  

We used data from 40,030 men and women (mean age 43 years) recruited throughout the UK 

(between 1993-2001) into the European Prospective Investigation into Cancer and Nutrition 

(EPIC)-Oxford cohort [4]. Dietary intake was collected using a validated 130-item semi-

quantitative Food frequency questionnaire [5]. To estimate nutrient intakes, we multiplied 

frequencies of consumption by portion size and nutrient composition.  

Total mortality was ascertained using death record linkage with the NHS Central register. 

The EPIC-Oxford study protocol was approved by a Multi-Centre Research Ethics Committee 

(Scotland A Research Ethics Committee). All participants provided written informed consent. 

UK Biobank 

We used data from 53,614 middle-aged adults (mean age 56 years) participating in the UK 

Biobank who were recruited across the UK between 2006-2010 [6]. These were a subsample, 

that had completed a minimum of three 24-hour dietary recall questionnaires (the Oxford 

WebQ) [7]. Food and beverage frequency data, standard portion sizes and nutrient 

composition by item were multiplied to obtain nutrient intakes per day [8].  

We linked participant data to the NHS Central register to obtain mortality information. 

The UK Biobank was approved by the National Information Governance Board for Health and 

Social Care and the NHS North West Multi-Centre Research Ethics Committee. All 

participants provided written informed consent. 
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Appendix 2 – Eatwell Guide recommendations by age and sex 

 
 5-6 years 7-10 years 11-14 years 15-18 years 19-64 years 65-74 years 75+ years 

Food 

group 

Male Female Male Female Male Female Male Female Male Female Male Female Male Female 

Fruit & 

Vegetables 

(g/day) 

400* 400g* 400g* 400g* 400g* 400g* 400g* 400g* 400g* 400g* 400g* 400g* 400g* 400g* 

Oily Fish 

(g/day) 

20g 20g 20g 20g 20g 20g 20g 20g 20g 20g 20g 20g 20g 20g 

Other Fish 

(g/day) 

20g 20g 20g 20g 20g 20g 20g 20g 20g 20g 20g 20g 20g 20g 

Red and 

processed 

meat 

(g/day) 

70 70 70 70 70 70 70 70 70 70 70 70 70 70 

Fibre 

(g/day) 

20** 20** 20** 20** 25** 25** 30** 30** 30** 30** 30** 30** 30** 30** 

Salt 

(g/day) 

3** 3** 5** 5** 6 6 6 6 6 6 6 6 6 6 

Free Sugar 

(g/day) 

19 19 24 24 30 30 30 30 30 30 30 30 30 30 

Saturated 

fat (g/day) 

18** 17 ** 22** 20 30 20 30 20 30 20 30 20 30 20 

Total fat 

(g/day) 

58** 54** 71** 66** 97** 78** 97** 78** 97** 78** 91** 74** 89** 72** 

*30g of dried fruit, max 150ml fruit juice or smoothie, and max 80g beans considered as one portion 

**Figures from PHE Government Dietary Recommendations document, derived from SACN. All other figures 

from the UK Eatwell Guide. 

Dietary recommendations of the Eatwell Guide 

 Dietary recommendation and constraints 

Nutrients  

Energy 2250 kcal (9414 MJ)* 

Carbohydrates ≥50% of food energy 

Free sugars ≤5% food energy 

Fat ≤35% food energy 

Saturated fat ≤11% food energy 

Protein ≥14.5 & ≤15.5% of energy 

Salt ≤ 6g/2363 mg/d sodium 

Fibre (AOAC) ≥30g/d 

  

Foods  
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Fruits and vegetables† ≥5 portions a day 

Fish ≥ 2 portions (2*140g) a week, one of which should be oily 

Red and processed meat ≤70g/day 

Table adapted from Public Health England (2016), Table 2. 

*Energy intake recommendation assumes mixed population average. 
†Fruit and vegetable intake includes a maximum of: 1 portion of juice (from fruit / vegetable juice or that in a smoothie); 1 portion 
of beans; (portion sizes: 30g dried fruit; combined total of 150ml of fruit and / or vegetable juice and / or smoothie; 80g all other 

fruits & vegetables). 
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Appendix 3 – Cohort specific adjustments and cut-off values 

Million Women Study 

Associations were stratified by region and adjusted for smoking (never smoked, past smoker, 

current smoker <10 cigarettes smoked per day, current smoker 10-19 cigarettes smoked per 

day, current smoker ≥20 cigarettes smoked per day, current smoker and unknown number of 

cigarettes smoked per day), deprivation (tertiles), alcohol (0, 1-6, 7-14, ≥15 drinks per week), 

height cm (<155 ,155-164, ≥165), BMI kg/m2 (<20, 20-24, 25-29, ≥30), strenuous exercise (<1 

per week,≥1 per week), Hormone replacement therapy (HRT) use (never, past, current), 

educational attainment (none, technical/secondary/tertiary), self-reported hypertension (yes, 

no), and energy intake (quintiles). 

EPIC Oxford 

Associations were stratified by sex, region, and method of recruitment and adjusted for 

smoking (never smoked, past smoker, current smoker <10 cigarettes smoked per day, current 

smoker 10-19 cigarettes smoked per day, current smoker ≥20 cigarettes smoked per day, 

current smoker and unknown number of cigarettes smoked per day), deprivation (tertiles, 

unknown), alcohol intake (<1, 1-7 (ref.), 8-15, ≥16 grams per day, unknown), height cm (sex-

specific tertiles, unknown), BMI kg/m2(<20, 20-24, 25-29, ≥30), physical activity (inactive, low, 

moderate, high activity, unknown), HRT use ever (yes, no, unknown), educational attainment 

(national examination at age 16, national examination at ages 17-18, vocational qualification, 

, degree, unknown), self-reported high blood pressure (no, yes, unknown), and energy intake 

(sex-specific quintiles) 

UK Biobank 

Associations were stratified by sex and region and adjusted for smoking (never smoked, past 

smoker, current smoker <10 cigarettes smoked per day, current smoker 10-19 cigarettes 

smoked per day, current smoker ≥20 cigarettes smoked per day, current smoker and unknown 

number of cigarettes smoked per day), deprivation (tertiles, unknown), alcohol intake (none, 

<1, 1-<10, 10-<20, ≥20 grams per day, unknown), height cm (sex-specific tertiles, unknown), 

BMI kg/m2 (<20, 20-24, 25-29, ≥30), physical activity (<10 excess METs, 10-<50 excess 

METs, ≥50 excess METs, unknown), qualification (national examination at age 16, national 

examination at ages 17-18, vocational qualification, college or university degree, other, 

unknown), HRT (never, past, current, unknown), self-reported high blood pressure (no, yes, 

unknown), and energy intake (sex-specific quintiles) 
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Appendix 4 – Results sensitivity analysis mortality RR  

 

 

Figure S 1 Risk ratios for the association between some recommendations of the Eatwell Guide and total 
mortality without adjustment for smoking 
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Figure S 2 Risk ratios for the association between some recommendations of the Eatwell Guide and total 
mortality in never smokers 
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Figure S 3 Risk ratios for the association between the Eatwell Guide three level score and total mortality 
in never smokers 
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Appendix 5 – Detailed GHG emission and WFP calculations 

Data from NDNS were matched to food-specific GHG emissions and blue water footprint 

estimates from previous studies using 173 SubFoodGroups available in the NDNS dataset. 

Where SubFoodGroups contained a number of foods with differing environmental footprints, 

weighted means according to consumption were used, and similarly where SubFoodGroups 

were composite foods including many ingredients (e.g. meat pies) recipe data were used to 

estimate the mean proportions of ingredients contained within the composite food. Recipe 

data were obtained from Sainsbury’s (www.sainsbury.co.uk). Composite food and weighting 

data are available on request. 

A number of additional SubFoodGroup categories were created in order to distinguish 

between categories where environmental footprints would be expected to differ greatly. 

These were: 

● SubFoodGroup 6A (wheat based breakfast cereals), 6B (chocolate breakfast 

cereals), 6C (oat based breakfast cereals), 6D (maize based breakfast cereals), and 

6E (rice based breakfast cereals) were added in MainFoodGroup 6 (other breakfast 

cereals) 

● SubFoodGroup 5A (wheat based high fibre breakfast cereals), 5B (chocolate high 

fibre breakfast cereals), 5C (oat based high fibre breakfast cereals), and 5D (rice 

based high fibre breakfast cereals) were added in MainFoodGroup 5 (high fibre 

breakfast cereals) and SubFoodGroup 5R was renamed (other high fibre breakfast 

cereals) 

● SubFoodGroup 7C (biscuits chocolate retail) was added in MainFoodGroup 7 

(biscuits).  

● SubFoodGroup 8F (cakes chocolate) was added in MainFoodGroup 8 (buns cakes 

pastries and fruit pies)  

● SubFoodGroups 13C (non-dairy cream), 13D (almond milk), 13E (soya milk), 13F 

(other non-dairy milk) and 13G (chocolate milk) were added in MainFoodGroup 13 

(other milk and cream) – Elmlea is not included in non dairy cream as it contains 

buttermilk 

● SubFoodGroup 14C (dairy free cheese) was added in MainFoodGroup 14 (cheese) 

● SubFoodGroup 15E (non dairy desserts) was added in MainFoodGroup 15 (yoghurt 

fromage frais and dairy desserts)  

● SubFoodGroup 19B (less than 1% dairy low fat spread) was added in 

MainFoodGroup 19 (low fat spread) 

● SubFoodGroup 20A (block margarine) was included in the dairy-free categories 

● SubFoodGroup 20C (other cooking fats and oils not PUFA) was renamed (other 

vegetable fats and oils) and a new SubFoodGroup 20B (animal fats) was added in 

MainFoodGroup 20 (other margarine fats and oils) 

● SubFoodGroup 21C (less than 1% dairy reduced fat spread) was added in 

MainFoodGroup 21 (reduced fat spread) 

● SubFoodGroup 37C (baked beans with sausages), moved to SubFoodGroup 25A 

(manufactured pork products including ready meals) and categorised into 

MainFoodGroup 25 (pork products). 

● SubFoodGroup 53A (non dairy ice cream) was added in MainFoodGroup 53 (ice 

cream) 

 

Codes 13A (infant formula), 54B (evening primrose oil and other plant oils), 54D (folic acid), 

54E (iron only or with vitamin C), 54F (calcium only or with vitamin D), 54G (vitamins (two or 
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more including multivitamins), no minerals), 54H (minerals (two or more including multimins), 

no vitamins), 54I (vitamins and minerals (including multivits and minerals)), 54J (non-nutrient 

supplements including herbal), 54K (other nutrient supplements), 54L (vitamin C only), 54M 

(other single vitamins or minerals), 54M (cod liver oil and other fish oils), 54P (multivitamins 

and/or minerals with omega 3),  

SubFood 

GroupCode 

Food Group Name Mean Greenhouse Gas 

emissions (kg) per kg food 

Mean blue water footprint 

(litres) per kg food 

1C Pizza 3.51 369 

1D Pasta manufactured products and ready 

meals 

1.00 0 

1E Other pasta including homemade dishes 1.00 0 

1F Rice manufactured products and ready 

meals 

3.13 1071 

1G Other rice including homemade dishes 3.13 1071 

1R Other cereals 1.18 103 

2R White bread (not high fibre, not 

multiseed) 

0.97 0 

3R Wholemeal bread 0.97 0 

4R Other bread 0.97 0 

5A Wheat based high fibre breakfast cereals 1.40 229 

5B Chocolate high fibre breakfast cereals 2.68 62 

5C Oat based high fibre breakfast cereals 1.41 109 

5R Other high fibre breakfast cereals 1.27 2 

6A Wheat based breakfast cereals 1.40 0 

6B Chocolate breakfast cereals 3.03 779 

6C Oat based breakfast cereals 1.41 109 

6D Maize based breakfast cereals 2.64 124 

6E Rice based breakfast cereals 2.85 1009 

6R Other breakfast cereals (not high fibre) 1.27 2 

7A Biscuits manufactured / retail 1.80 143 

7B Biscuits homemade 2.30 201 

7C Biscuits chocolate retail 8.14 135 

8B Fruit pies manufactured 0.95 86 

8C Fruit pies homemade 1.11 91 

8D Buns cakes and pastries manufactured 1.08 66 

8E Buns cakes and pastries homemade 3.31 34 

8F Cakes chocolate 3.11 126 

9C Cereal based milk puddings 

manufactured 

2.00 170 

9D Cereal based milk puddings homemade 2.00 170 
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9E Sponge puddings manufactured 1.79 17 

9F Sponge puddings homemade 1.79 17 

9G Other cereal based puddings 

manufactured 

4.00 26 

9H Other cereal based puddings homemade 0.08 1 

10R Whole milk 1.53 28 

11R Semi skimmed milk 1.53 24 

12R Skimmed milk 1.53 24 

13B Cream (including imitation cream) 4.89 44 

13C Non dairy cream alternative 2.64 6 

13D Almond milk 0.99 73 

13E Soya milk 0.88 2 

13F Other non-dairy milk 2.65 57 

13G Chocolate milk 1.53 24 

13R Other milk 1.80 109 

14A Cottage cheese 15.00 132 

14B Cheddar cheese 8.87 132 

14C Dairy free cheese alternative 1.76 4 

14R Other cheese 8.87 59 

15B Yoghurt 2.00 31 

15C Fromage frais and dairy desserts 2.00 27 

15D Dairy desserts homemade 1.32 81 

15E Non dairy desserts 2.05 94 

16C Manufactured egg products including 

ready meals 

3.51 4 

16D Other eggs and egg dishes including 

homemade 

4.70 39 

17R Butter 9.00 194 

18B Polyunsaturated oils 3.59 235 

19A Polyunsaturated low fat spread 4.19 127 

19B Less than 1% dairy low fat spread 4.19 144 

19R Low fat spread not polyunsaturated 3.95 127 

20A Block margarine 4.19 144 

20B Animal fats 14.31 162 

20C Other vegetable fats and oils 4.65 853 

21A Reduced fat spread (polyunsaturated) 4.35 146 

21B Reduced fat spread (not 

polyunsaturated) 

4.35 146 

21C Less than 1% dairy reduced fat spread 4.19 144 

Page 31 of 46

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

22A Ready meals / meal centres based on 

bacon and ham 

7.47 304 

22B Other bacon and ham including 

homemade dishes 

10.70 321 

23A Manufactured beef products including 

ready meals 

10.40 127 

23B Other beef and veal including homemade 

recipe dishes 

16.50 205 

24A Manufactured lamb products including 

ready meals 

30.48 275 

24B Other lamb including homemade recipe 

dishes 

50.00 446 

25A Manufactured pork products including 

ready meals 

8.85 321 

25B Other pork including homemade recipe 

dishes 

10.00 293 

26A Manufactured coated chicken / turkey 

products 

3.12 80 

27A Manufactured chicken products including 

ready meals 

3.50 38 

27B Other chicken / turkey including 

homemade recipe dishes 

3.50 38 

28R Liver and dishes 8.85 59 

29R Burgers and kebabs purchased 34.80 252 

30A Ready meals based on sausages 4.80 139 

30B Other sausages including homemade 

dishes 

8.85 321 

31A Manufactured meat pies and pastries 8.63 209 

31B Homemade meat pies and pastries 13.96 251 

32A Other meat products manufactured 

including ready meals 

11.50 594 

32B Other meat including homemade recipe 

dishes 

2.84 37 

33R White fish coated or fried 3.36 0 

34C Manufactured white fish products 

including ready meals 

4.55 0 

34D Other white fish including homemade 

dishes 

4.55 0 

34E Manufactured shellfish products including 

ready meals 

24.00 142 

34F Other shellfish including homemade 

dishes 

24.00 142 

34G Manufactured canned tuna products 

including ready meals 

4.55 0 

34H Other canned tuna including homemade 

dishes 

4.55 0 
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35A Manufactured oily fish products including 

ready meals 

4.55 256 

35B Other oily fish including homemade 

dishes 

4.55 256 

36A Carrots raw 1.28 0 

36B Salad and other raw vegetables 0.68 16 

36C Tomatoes raw 0.96 36 

37A Peas not raw 2.55 13 

37B Green beans not raw 0.50 40 

37C Baked beans 2.15 428 

37D Leafy green vegetables not raw 0.73 23 

37E Carrots not raw 1.28 0 

37F Tomatoes not raw 0.96 36 

37I Beans and pulses including ready meals 

and homemade dishes 

1.51 21 

37K Meat alternatives including ready meals 

and homemade dishes 

3.60 200 

37L Other manufactured vegetable products 

including ready meals 

1.60 7 

37M Other vegetables including homemade 

dishes 

0.58 39 

38A Chips purchased including take away 1.45 30 

38C Other manufactured potato products fried 

/ baked 

1.46 17 

38D Other fried / roast potatoes including 

homemade dishes 

3.08 17 

39A Other potato products and dishes 

manufactured 

1.20 46 

39B Other potatoes including homemade 

dishes 

1.20 19 

40A Apples and pears not canned 0.70 52 

40B Citrus fruit not canned 0.40 93 

40C Bananas 0.90 49 

40D Canned fruit in juice 1.32 218 

40E Canned fruit in syrup 1.32 218 

40R Other fruit not canned 1.63 82 

41A Sugar 0.32 1 

41B Preserves 2.96 206 

41R Sweet spreads fillings and icing 7.14 269 

42R Crisps and savoury snacks 2.47 92 

43R Sugar confectionery 0.32 1 

44R Chocolate confectionery 1.07 78 
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45R Fruit juice 1.01 157 

47A Liqueurs 1.00 1 

47B Spirits 1.00 1 

48A Wine 1.00 1 

48B Fortified wine 1.00 1 

48C Low alcohol and alcohol free wine 1.00 1 

49A Beers and lagers 3.80 14 

49B Low alcohol and alcohol free beer and 

lager 

3.80 14 

49C Cider and perry 0.08 1 

49D Low alcohol and alcohol free cider and 

perry 

3.80 1 

49E Alcoholic soft drinks 0.80 28 

50A Beverages dry weight 1.80 119 

50C Soup manufactured / retail 1.25 27 

50D Soup homemade 0.47 6 

50E Nutrition powders and drinks 0.00 0 

50R Savoury sauces pickles gravies and 

condiments 

1.54 27 

51A Coffee (made up weight) 0.79 1955 

51B Tea (made up weight) 0.33 221 

51C Herbal tea (made up weight) 0.40 1 

51D Bottled water still or carbonated 0.40 1 

51R Tap water only 1.00 1 

52A Commercial toddlers drinks 0.00 0 

52R Commercial toddlers foods 0.00 0 

53A Non dairy ice cream 2.05 94 

53R Ice cream 3.82 44 

55R Artificial sweeteners 3.20 487 

56R Nuts and seeds 1.57 1415 

57A Soft drinks not low calorie concentrated 0.40 1 

57B Soft drinks not low calorie carbonated 0.40 1 

57C Soft drinks not low calorie rtd still 0.40 1 

58A Soft drinks low calorie concentrated 0.40 1 

58B Soft drinks low calorie carbonated 0.40 1 

58C Soft drinks low calorie rtd still 0.40 1 

59R Brown granary and wheatgerm bread 0.97 0 

60R 1% fat milk 1.53 23 

61R Smoothies 100% fruit and / or juice 1.05 54 
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Appendix 7A – Calculation of weighted GHG and water footprint of the food group 

aggregate “fruit and vegetables” – based on proportional supply by crop and country 

of origin (FAOStat 2013 data) 

Crops % of total supply 
GHG per 
kg 

Blue WF per kg 

Tomatoes 13.4 0.96 36 

Bananas 7.8 1.07 49 

Grapes** 6.3 1.34 298 

Apples 6.1 0.75 77 

Onions, dry 6.0 0.76 36 

Carrots and turnips 5.8 1.28 0 

Oranges 5.0 0.4 93 

Cauliflowers and broccoli 2.5 1.03 53 

Cabbages and other brassicas 2.5 0.67 7 

Lettuce and chicory 2.3 1.59 41 

Tangerines, mandarins, 
clementines, satsumas 2.0 

0.4 93 

Mushrooms and truffles 1.6 0.76 2 

Chillies and peppers, green 1.6 0.76 2 

Cucumbers and gherkins 1.5 0.2 12 

Olives** 1.4 1.34 298 

Pineapples** 1.4 1.34 298 

Maize, green 1.3 0.76 2 

Peas, green 1.3 2.55 23 

Pears** 1.3 0.75 77 

Melons, other 
(inc.cantaloupes)** 1.1 

1.34 298 

Strawberries 1.0 1.7 28 

Lemons and limes 0.84 1.01 157 

Plums and sloes 0.82 1.7 28 

Pumpkins, squash and gourds 0.75 0.5 55 

Peaches and nectarines** 0.64 1.34 298 

Grapefruit (inc. pomelos) 0.60 0.4 93 

Watermelons** 0.53 1.34 298 

Apricots** 0.46 1.34 298 

Sweet potatoes 0.46 0.5 55 

Leeks, other alliaceous 
vegetables 0.42 

0.71 15 

Mangoes, mangosteens, 
guavas** 0.41 

1.34 298 

Beans, green 0.36 0.5 6 

Avocados** 0.25 1.34 298 

Onions, shallots, green* 0.24 0.76 36 

* all other crops contribute less than 0.2% to total UK supply and were disregarded for 

calculations of weighted GHGe and WF of the fruit and vegetables aggregate.  

** Classified as “other fruit” or “other vegetables” -  without specific WFs   
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Appendix 7B - Proportions of main UK imported foods from different countries 

For each food group, countries of origin were selected based on a database adapted from FAO Food 

Balance Sheet data (https://iopscience.iop.org/article/10.1088/1748-9326/9/3/034015/meta). All 

countries providing at least 10% of the total availability for that food group were included in 

environmental footprinting, and for the remainder of supply global average figures were applied. 

Where country-specific footprint data were not available, footprints from the most similar country 

or a global average were applied. 

Food Country Proportion 

of UK 

consumption 

ALMONDS USA 0.72 

 Australia 0.1 

 Spain 0.14 

 Global 0.04 

APPLE JUICE France 0.14 

 South Africa 0.1 

 UK 0.36 

 Global 0.4 

APPLES France 0.14 

 South Africa 0.1 

 UK 0.36 

 Global 0.4 

ASPARAGUS Mexico 0.11 

 Peru 0.46 

 Spain 0.12 

 UK 0.26 

 Global 0.05 

AVOCADO Chile 0.22 

 Israel 0.16 

 Peru 0.21 

 South Africa 0.27 

 Global 0.14 

BANANAS Colombia 0.23 
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 Costa Rica 0.18 

 Dominican 

Republic 

0.18 

 Ecuador 0.14 

 Global 0.27 

BARLEY UK 0.81 

 Global 0.19 

BEEF UK 0.76 

 Ireland 0.17 

 Global 0.07 

BLUEBERRIES Netherlands 0.34 

 Poland 0.3 

 Global 0.45 

CAULIFLOWER/BROCCOLI UK 0.47 

 Spain 0.43 

 Global 0.1 

CHICKPEAS Argentina 0.11 

 Australia 0.21 

 Canada 0.14 

 Mexico 0.12 

 Global 0.42 

COFFEE Brazil 0.26 

 Colombia 0.1 

 Indonesia 0.13 

 Vietnam 0.25 

 Global 0.26 

COCOA BUTTER Ghana 0.27 

 Cote d'Ivoire 0.44 

 Nigeria 0.1 

 Global 0.19 
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COCOA PASTE Ghana 0.27 

 Cote d'Ivoire 0.44 

 Nigeria 0.1 

 Global 0.19 

COCONUTS Indonesia 0.24 

 Malaysia 0.11 

 Philippines 0.48 

 Global 0.17 

CUCUMBERS Netherlands 0.34 

 Spain 0.33 

 UK 0.3 

 Global 0.03 

GARLIC China 0.41 

 Spain 0.52 

 Global 0.07 

GRAPES Chile  0.1 

 France 0.1 

 Italy 0.15 

 Spain 0.1 

 Turkey 0.18 

 Global 0.37 

GREEN BEANS Egypt 0.15 

 Kenya 0.32 

 UK 0.32 

 Global 0.21 

GROUNDNUTS USA 0.26 

 Nicaragua 0.13 

 China 0.14 

 Argentina 0.33 

 Global 0.14 
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HAZELNUTS Georgia 0.18 

 Italy 0.1 

 Turkey 0.69 

 Global 0.03 

LEMON JUICE Argentina 0.16 

 Brazil 0.13 

 Spain 0.47 

 Global 0.24 

LEMONS Argentina 0.16 

 Brazil 0.13 

 Spain 0.47 

 Global 0.24 

LENTILS Canada 0.63 

 Turkey 0.26 

 Global 0.11 

LETTUCE Spain 0.49 

 UK 0.4 

 Global 0.11 

MAIZE France 0.27 

 Ukraine 0.18 

  Global 0.55 

MILLET Russia 0.32 

 France 0.24 

 Ukraine 0.13 

 India 0.1 

  Global 0.21 

NUTS, OTHER China 0.13 

 Turkey 0.3 

 USA 0.12 

 Global 0.45 
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OLIVE OIL Italy 0.18 

 Spain 0.59 

 Global 0.23 

ONIONS Netherlands 0.23 

 Spain 0.16 

 UK 0.44 

 Global 0.17 

ORANGE JUICE Brazil 0.3 

 South Africa 0.13 

 Spain 0.28 

 USA 0.1 

 Global 0.19 

ORANGES Brazil 0.3 

 South Africa 0.13 

 Spain 0.28 

 USA 0.1 

 Global 0.19 

PALM OIL Indonesia 0.43 

 Malaysia 0.28 

 Papua New Guinea 0.2 

 Global 0.09 

PEACHES Italy 0.14 

 Spain 0.73 

 Global 0.13 

PEARS Netherlands 0.32 

 South Africa 0.17 

 UK 0.13 

 Global 0.38 

PEPPERS AND CHILLIES Netherlands 0.38 

 Spain 0.34 
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 UK 0.11 

 Global 0.17 

PINEAPPLES Costa Rica 0.7 

 Thailand 0.14 

 Global 0.16 

POTATOES UK 0.72 

 Netherlands 0.11 

 Global 0.17 

PRUNES (PLUMS) Chile 0.24 

 Spain 0.16 

 UK 0.11 

 USA 0.14 

 Global 0.35 

RAISINS Turkey 0.3 

 USA 0.3 

 South Africa 0.1 

 Chile  0.1 

 Global 0.2 

RICE (WHITE) India 0.26 

 Spain 0.18 

 Italy 0.13 

 Pakistan 0.11 

  Global 0.32 

RICE (BROWN) India 0.26 

 Spain 0.18 

 Italy 0.13 

 Pakistan 0.11 

  Global 0.32 

SOYA PROTEIN Brazil 0.44 

 Argentina 0.31 
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 USA 0.16 

 Global 0.09 

SOYBEANS Argentina 0.31 

 Brazil 0.44 

 USA 0.16 

 Global 0.09 

SOYBEANS FOR MILK Brazil 0.44 

 Argentina 0.31 

 USA 0.16 

 Global 0.09 

SPINACH Italy 0.11 

 Spain 0.7 

 Global 0.19 

SUGAR UK 0.38 

 Global 0.62 

SUNFLOWER OIL Argentina 0.12 

 France 0.14 

 Ukraine 0.31 

 Global 0.43 

SUNFLOWER SEEDS Argentina 0.12 

 France 0.14 

 Ukraine 0.31 

 Global 0.43 

TEA India 0.16 

 Indonesia 0.15 

 Kenya 0.39 

 Global 0.3 

TOMATO PASTE Italy 0.39 

 Spain 0.2 

 Portugal 0.13 
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 Global 0.28 

TOMATOES Italy 0.39 

 Spain 0.2 

 Portugal 0.13 

 Global 0.28 

WHEAT FLOUR UK 0.67 

 Global 0.33 

 

Appendix 8 – Differences in EWG dietary guidelines adherence 

 

 
 
 

 

0 1 2 3 4 5 6 7 8 9

Million Women Study 1.48 7.56 17.54 24.55 22.71 15.44 8.04 2.40 0.26 0.01

UK Biobank 2.84 11.00 20.09 23.83 20.80 13.00 6.23 1.93 0.27 0.00

EPIC Oxford 0.89 8.58 16.28 20.97 20.54 17.88 10.25 3.69 0.85 0.08

NDNS 2.50 7.28 13.52 20.52 25.58 18.08 8.90 3.01 0.54 0.08
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